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BIOGRAPHICAL NOTICE OF EBENEZER EMMONS. 

Bt Jdlrs MArcov, CambridKe, Mbw. 

The founder of American pnlteozoic stratigraphj' and the first 
<li8covercr of the primordial fauna in any country, Dr. Kbenezer 
Emmons, was bom at Middlefield, Massachusetts, Mar 16, IKOO. 
He received the Puritan education of the communities and fami- 
lies of New England, which influenced him througli life, giving 
bim an apparent severity and sternness of manners, although in 
reality of a cheerful and playful disposition. Without being in the 
least melancholy, he was distant in his manner, and being deeply 
religious, he enforced In his familj' strict Puritan discipHne. For 
instance, with him "Sunday commenced Saturday evening at sun- 
down and did not end until Monday morning, and it was consid- 
ered sinful to laugh at any time during this interval," as one of 
his children wrote me. 

Emmons prepared for college at Flainfield, Maas., under Rer. 
Mr. Halleck, and during his vacations his time was mostly' spent 
among the Middlefleld and Chester rocks, collecting minerals and 
also making collections of insects and plants. He entered Wil- 
liams college at the age of sixteen, and graduated in the class of 
1820. During his stay at college, he became the favorite pupil of 
C. Dewey, the professor of natural history, and a short time after, 
when a medical student at Albany, he became acquainted with the 
geologist, professor Eaton. 

After graduation Dr. Emmons practiced medicine and sui^ry 
in Berkshire county fifteen years, and during that time performed 
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many grave and difficult su^cal operati<HiB with notable success - 
he was also considered the most reliable medical practitioner in 
the county. After being appointed professor of chemistry at the 
Albany Medical college in 1838, be continned his connection with 
that institnte antil 1852, when he resigned his professorship of 
chemistry in favor of Dr. Lewis Beck (the mineralogist of the 
geological survey of New York), and assumed tiie professorship of 
obstetrics, in which branch of medical instruction he was eminent 

But his chief interest waa in geology, and as far back as 1824, 
he is mentioned by professor C. Dewey as his assistant for the 
construction and description of "A Geological map of the County 
of Berkshire, and of a small part of the adjoining states," the first 
tmly geological attempt to systematize and classify with details 
the rocks of the Taconic area. 

From his graduation at Williams college in 1820, Emmons con- 
stantly explored the bills of Berkshire, making always geological 
observations in his constant rambling over the county, as a conn- 
try medical practitioner, and using his opportanities in Williams 
college as lecturer and professor, to snrvey minntely every part of 
the area of Berkshire. As early as 1828, he was lecturer on 
chemistry at that institution, and in 1833 he was appointed pro- 
fessor of natural history' as successor of his teacher, professor 
C. Dewey. I should say, in order not to break his record at 
Williams collie, that iu 1854, bis professorahip was called chur 
of natural histor)' and geology, and aft«r 1859 until his death in 
1863, he held the title of professor of geology and mineralogy. 
To Emmons is due mainly alt the cotlectjons in natural history of 
that celebrated institution of learning. 

His appointment as geologist of the "Second District" of the 
geological survey of the state of New York, in July, 1836, gave 
the opportunitj- for the exercise of his power of acute observa- 
tion in the field, and as a classifier of geolt^ical data, which made 
his great and just reputation. The state of New York was divided 
into districts, and the following geologists were appointed : Wil- 
liam W. Mather for the first district, professor E. Emmons for 
the second, T. A. Coni-ad for the third and Lardner Vanuzem for 
the fourth. These appointments of governor W. L. Marcy wero 
excellent Emmons, Conrad and Vanuxem were all three very 
remarkable observers and clsssificators of the first order. 

Vanuxcm was the first foreign student admitted witliout ezami- 
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nation at the School of Mines in Prance, ttirough the influence and 
patronage of general Lafayette, and daring his stay in Paris, he 
profited by Ibe great and unique advantage, then existing, of fol- 
toning the lectures of such naturalists as : Alexander Brongniart, 
X ahb4 Hauy, George Cuvier, Geoffroy St. Hilaire, Brochant de 
Villiere and Berthier. Having returned to America, ^''anuxem 
devoted himself to mining pursuits, but with a constant lookout 
for geological researcheB, and it was he who made the first modem 
classification of our rocks, after the old Wemerian classification of 
MacCInre. To Vanuxem we owe the discovery of the Cretaceous 
system and the exact classiflcation ns Transition strata of all the 
beds r^arded then as "Secondary" in tlie states of New York, 
Ohio, Kentucky, Tennessee and Virginia. He saw at once that 
the classification of professor Eaton of all the rocks of the four 
district areas, from Otsc^ and Tioga to Brie and Niagara 
counties, as very modem secondary groups, was untenable and 
incorrect, and to him is due the exact classiflcation of the strata 
of the fourth and in part also of the third district. 

Conrad, a very able conchol<^st of the Lamarck and Deshayes 
school, called at once the attention "to the importance of a knowl- 
edge of organic remains "for the classification of the New York 
strata; and in his first report, of 1K36, issued February, 1837, he 
gave a good general classification of the principal masses of strata 
from the Calcareous sandstone of the Mohawk valley to the Onon- 
daga limestone series. Appointed palaeontologist of the state sun-ey, 
he helped to give more details to the classifloatjou and nomenclature 
made and used, until he left the survey in 1841, on account of 
poor health, -_a great and irreparable loss, which has weighed 
heavily ever since on the progress of American palieozoic palieon- 
tolog}' and geology. 

But to Emmons is due the most difflcult part of the geological 
survey of New York, and to him mainly we owe the ver)- remark- 
able classiflcation of the New York strata into two great series or 
systems, the Taconic system and the New York system. And to 
bim also is due the division of tiie New York system into (our 
great divisions or series, the Champlain, Ontario, Hclderbei^ and 
Erie. 

As soon OS appointed state geologist, Emmons searched for an 
assistant ac(]uainte<l with mineralogy to help bim to suney the 
iron ores abundantly distributed in the sei.'ond district. He wrote 
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to iiiH friend Dr. Gbaries T. Jackson, of Boston, to know if he 
could recommend a young mineralogist for the poeition. Jack- 
son designated the son of a miller of the village of Hingham, 
near Boston, named James Hall, who used to come often to his 
otHce, bringing with him minerals to determine and borrowing 
books. Acting on the recommendation of Dr. Jaekson, Dr. Em- 
mons appointed James Hall for his assistant, and during the first 
season of the sun'ey Mr. Hatl gave much of his attention to the 
ores of iron in the northern district of New York. 

During the second season of exploration, Dr. Kmmons named, 
described, and classified the PoUdam tnnditonf., so celebrated 
since. The first time that the "Sandstone of Potsdam " is used 
in geology is at p. 214 of the second annual report of the "2nd 
Geological District" of the state of New York, by Emmons, 
ISSS. Notwithstanding the excellent description given by Dr. 
Emm<nis, never has a well defined group of strata been so littJe un- 
dei-stood and so erroneously made use of. Beds ranging from the 
Panidoxidea ai^illites of Braiiitree inclusive to the Triassic sand- 
stone of lake Superior, have been referred to it, at random, with- 
out the smallest ap|>earauce of identity or even of close affinity. ' 

In 18.^8 Dr. Kmmons began to make obsen'ations which led 
him in 1842 to create below the Potsdam sandstone the great 
Taconic system, comixised of a series of strata twenty-five to 
thirty thousand feet thick. At first he did not find fossils, but 
two years later he published his memoir on "the Taconic sj's- 
tem '' with foBsils unknown in any other system and as he says, 
"peculiar to the black and the Taconic slates." The discovery 
of Taconic fossils was made in September, 1844, near Bald moun- 
tain, in the state of New York, and they were published in Decem- 
ber of the same year at Albany, under the names of Atopt trilin- 
f((fu(, EIHjitijcephala ainphoides, Nem.apodia ienititainia, and 
Fttcoidei {graptoh'tes) simpli-x. It was the first discovery and de- 
scription of the Primordial fauna, all the world over ; a discovery 
proved by dates and advocated by Barrande, the first authority on 
the Lower Palaeozoic palteontolf^y. ("On the use of the name Ta- 

'The identification of rocks to the Potsdam sandstone of Emmons, 
constitutes a slnRular chapter in the history of the progress of Ameri- 
ean geology. Even to this day, we have the curious spectacle of a 
Ilead of Division of tho U. S, Ueologlcal Stirvoy who contrives to refer 
to the Potsdam, any strata of the Taconic system, whenever wanted at 
any S|)ecial and convenient place to suit the purely Imaginative and 
ever changing classification of bis so-called American Canibrlai). 
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conic," by J. Marcoo, Proceeil. Botton Son. N. If., vol, xxiii, 
March 2, 1887). 

The volume issued in 1842, at Albany, of the 'Geology of 
New York, Part II, comprisiug tlie survey of the Second (teologi- 
cal Diatrift," by Dr. Eiienezer Emmons, gave an excellent tie- 
Hcription of all the strata from the Potedam sundatone to the t«r- 
mination of the Lorraine shales in a grey sandstone called Oneida 
conglomerate and sandstone. In this volnme we have what we 
can call tiie germ of the ' ' Taconic system, " below the ' ■ New York 
TransitJOD system,"' at chapters vii, viii and ix, pp. lS.5-164. 
With the greatest honesty, which always characterized the scien- 
tific researches of Dr. Emmons, and with great courtesy, he made 
apology for stepping over the l>ounds of the second district and 
encroaching on the first district Emmons says that: '■He does 
not expect to be able to give full justice to the subjefrt," only 
claiming " the merits, to a certain extent, of removing some of 
the obscurities which envelope this sj- stem of rocks. "...." They 
form a belt whose width is not far from fifteen miles along the 
whole western border (of the county of Berkshire, MaSH.). und 
which exttiods clearlj' to the western base of the Taconic rang*!." 
At the end of the volume, p. 4:^!l. we have tlic moHt important 
and very well balanced classification of the palieozoie rocks in 
New York, which shows how Kmnions was able to gnisp all tlie 
diflflculties — and they were numerous, and some very great — of tlic 
division, classification and nomenclature of tlie p.-dieoxoic iiH'ks of 
North America. 

TAIJILAR VIEW OF THE SEDIMEXTARV KOCKS OF NEW 
YOKK. 

Taconic System Tai-on[c slate Magncslaii slate. Slock br Id gi- llmi^- 

stonc. Granular (Juarlz. 

I I'utsdam iiandstono, Calcifnrotis sand rot-k. 

Chttzy and Blrdsi'ye Umestoiip, Marble of 

Chumplain (Jrotip. ■ Isle La MotW-. Trenton llinpftone. I'lii'i 

I slate. LoraliiK shales, grey sandstotjc, coti- 

[ M<Kllna sandstone. Urccn shales and OJilHIc 
unurio uroiip. ^^^^ ^^^^ ^^^^ |,|a„ter rocks, Sianliiis waler- 



Helilerberp .Series. 



I 1*01 1 tarn ems llmi'stone. Deltliyris slialy linu' 
! stu[Le, Oriskany sandstone, Enerliiul liine 
1 stoni'. Caiidagalll grit, Ht-lioliurie pril, liel 
vderberg limestime. 

i Marcellns and Ilninllton slial<>s, Tnlly llnie 
■stone, (ienesee shitc, llliaca and Clu-niunf 
' shales and grils. 
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Below, KmiDons adds the Old Red sj-stem, tlie Sow Kod system, 
and the Tertiary or blue and jellowish claja of Oliamplaiii. To 
Dr. Emrnons are due, the Chazy limestone, the Black marble of 
the Isle La Motte, the Loraine shales, the Champlain group, tlie 
Ontario group, the Helderbet^ series, the Erie group, and finally 
the TaL-onic system ; achievements which it was given to no one 
in America nor in Europe to attain. 

During the same year, 1842, the final report of the third dis- 
trict, by L. Vanuxem, was published; and in this at p. 13, we 
have a tubular view identical with the one of Dr. Emmons, tlie 
onlj' changes being the name Loraino shales, which is replaced 
by Hudson River group, the grey sandstone is removed from the 
Ohompltun division, into the Ontario division, the Onondaga salt 
group and the Manlius w.iter-lime are put into the Helderberg 
series. Vanuxem takes special care to say, at pp. 12 and 22, 
that the names of Toconie, Champlain, Ontario, Erie and Hel- 
dertwi^ have i>een given by Emmons, and that "the views of Dr. 
Emmons were cordially embraced and adopted with some mmli- 
fioations. " The two other Bnal reports of the first and fourth dis- 
tricts, were not issued until one year later, in 1843, and the first 
volume of palieontologj' in 1847. The dates and facts signalized 
l)y Emmons and Vanuxem fix beyond any possible doubt and dis- 
cussion the priority of the clasaiflcation and the leading part 
taken in it by Dr. Emmons. Vanuxem accepted and encouraged 
the adoption of tlio Taconic system, until his death in January-, 
184K. 

The great value of Emmons' discoveries, classiflcatjon and no- 
menclature, was shown at once by the very violent opposition 
with which certain geolt^ista received them. It is alwaj's dan- 
gerous to be too far in advance of 3'our contemporaries ; and Dr. 
Emmons was quicklj' reminde<1 that goo<1 and acute observations 
are not sutBeient in the view of some young ambitious geologists, 
whose knowledge and power of oljservation are not equal to their 
desire of notoriety as great obsen'crs His i-eport of tlie second 
district of New York was attacked at once by ilenr_\ D. Rogers, 
in his "Address delivered at the mieting of the Association of 
American Geologists and Naturalists bold in Washington, May, 
1844, " New York, 1844 at pp 10-10. who in substance says : 
that the so-called Toconic svstem was simply the Champlain sys- 
tem ■■disguisiHt iiy some change of mineral type and by igneous 
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metAiiiorphosis ; " and from that date until the meeting of tlie 
Boston Society of Natural History, of October 17, 1860, when I 
made a joint communication with Barrande ' ' On the primordial 
fauna and the Taconic system, " the Taconic waa considered as 
metjimorphosed lieds, "in the utmost confusion," of the Cham- 
plain, Upper Silurian, Devonian and even Carboniferous, by 
Messrs. H. D. Rogers, W. B. Rogers, Kd. Hitchcock, W. W. 
Mather, James Hall. W. E. J^ogan, and J. D. Dana. 

Dr. Emmons' "Taconic system" of 1844 with its fossil de- 
scriptions and figures, instead of disarming his adversaries was re- 
ceived with an opposition which from that moment took a form of 
persecution, unique in the historj- of geol<^% even when compared 
"with the not very creditable course taken by Murchison against 
Sedgwick. Having inserted in his first volume of "Agriculture 
of Nt'w York," as an" Introduction " necessarj' for the understand- 
ing of all the soils, n description of the Taconic and New York 
systems, with fine sections, beautiful geological views and fossils, 
Dr. Emmons prepared a geological map, " a i'e])rint in the main 
of the map which accompanies the first reports," with the Taconic 
syst«.-m colored and made a distinct part of the map. But the 
map was so obnoxious to some of the geoli^ical corps of the sUtte 
-of New York, that although it was described at p. 363 of the vol- 
ume, and paid for by the state treasurer, it was suppressed and 
remained concealed until 1887. Bo Emmons did not see it even, 
and he <iied believing that the map had been destroyed by some 
unknown person. 

I shall not speak of all the malicious acta to which poor 
Emmons was subjected liy his opponente ; I have sufficiently ex- 
pose<l some of them in my "American geolc^cal classification and 
nomenclature," Cambridge, 1888, and in several others of my 
p^pera published lately. I shall only say that ; " During the dis- 
cussion upon the Taconic system, when his views were opposed by 
some in a manner which certainly to say the least, was not fair, I 
never heard bim express a word showing anger, or petulance 
toward his adversaries," as one member of his family writes to 
me. And when detailing to me himself the persecution he had 
been subjected to for scientific opinion, in his letter of the 28th of 
December. I860, which I have published in part in "The Taconic 
system and its position in stratigraphic geology " ( Proceed. Amer. 
Acad. Arft and Set., new series, vol. xii, p. 188, Cambridge), lie 
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Bays : "I never treated Mr. Jamea Hal! unkindly in my life. I 
was the inatniment who secured his appointment as pulfBontolo- 
gtat by governor Marcy. " The oatraciam to which Emmons wa» 
subjected — being in fact ruled out of American geologists — led 
him to ' ' loolt upon the subject with a kind of indifference, " as he 
saya in hia published letter to E. Billinga, dated Raleigh, Feb. 5, 
1861. ( ''Remarks on the Taconic Controversy," by E. Billings ; 
Canadian Natvnilint, April, 1872). Xevertheleaa, from Irtoa to 
18C0, in hia 'American Geology" and "Manual of Gei>l<^'," 
Dr, Emmons maintained sternly his views, hia opinions and dia- 
coveries, continuing to give new facts, well obaei-ved, as well 
palieontoiogically as stratjgraphically ; an<l going so far as to 
identif}' the fauna he had found in his Taconic system with the 
primordial fauna of Bohemia, so well de8cril>ed by Barrande. 

In 1856, a change took place in the curatorahip of the State 
Cabinet of Natural History of New York, wliieh was the Iwgin- 
ning of the vindication of Dr. Emmons' opinions and iliscoiwies. 
John Gebbard Jr., a verj- inetflcient curator, who remove<l f rom 
the State collection, in obedience to " order given by Dr. Beolc, 
on an I'x-^arfe statement', the Taconic specimens of J >r. Kmmons, 
and placed some of them in the Hudson River group, resigne<l and 
was replaced by colonel Ezekiel Jewett At flrat, it siroincd that 
one opponent of Kmmons' had iteen replaced by another, and 
the first time that Dr. Emmons met the new curator in the Mu- 
seum, he said : "I suppose tliat like the others you will not Hpeak 
to me and recognize my |X)sition of state geolt^ist, " alluding to 
Gchhard and F. B, Meek, who both uvoiiled Dr. Emmons each 
time he entered tlie Museum. But colonel Jewett was not a man 
to be long influenced by jirejudire and unfoun<led accusations, and 
although infiuenccil at flrat by his relation and friendship with the 
paieontolc^st of Xew York, he was determineii to see for himself. 
Being an excellent collector of fossila and agood stratigraphist. he 
soon saw that tiiere was something wrong ul<out the so-callod euor- 
mons Hudson River group, and the pretended Ohamplain metamor- 
phosed beds of the Hudson river valley ; and little by little, by 
hia own observations in the field, and his better acijuamtance with 
the mcth<Kl3 of the two parties, he was led to become a sti-ong ad- 
herent to the Taconic sj-stein anil its author Dr. Emmons, to the 
detrinicut of the mctamor|>hoscd Champlain and enonnouH Hud- 
son River group advocated by the state palrt'outoh^ist. It took 
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him two years for the cb&oge. but after 1858, colonel Jewett be- 
came the strongest friend of Dr. Kmmons, and in his blunt, fear> 
less and militarj' way of talking, he advocated the Taconic sjatem 
and praised its author. 

Unhappily colonel Jewett's principles were averse to publishing 
anj'thing ; but in his correspondence he took such strong ground 
in favor of the Taconic, sending specimens of the trilobites of 
Georgia to Billings, to Barrande and myself, that he contributed 
largely to call the attention of others to the great mistake made by 
the pal^ntologist of New York and bj' the Geological surveys of 
Pennsylvania, Vermont and Canada. From that moment, Dr. 
Emmons was no more alone to sustain his opinion.' There is no 
doubt that colonel Jewett's well known honesty influenced Bar- 
rande, de Veroeuil, Billings, Agaseiz, and myself in the right 
direction. 

Finally, in 1860, came the "turning point"' in favor of Dr. 
Emmons and the Taconic system. Until then Joachim Barrando 
hail never seen Emmona' work, nor ever heard of his discoveries, 
except in a sort of distant echo as being untenable and erroneous ; 
but as soon as he was in possession of Emmons' publications, he 
took bis part and became the strongest opponent to the transfer of 
the primordial fauna above the second fauna as a(l\'ocat«<1 by the 
palieoutologist of the State of New York, and accepted and main- 
tained l>oldly by the other opponents of Dr. Emmons, 

Unfortunately, at that moment Dr. Emmons disappeared out at 
sight and reach in the great civil war. Having l)cen state geolo- 
gist of North Carolina since 1851, he left his house at Alltany on 
the 2nd of September. 18(i0, never to return. 

A few quotations from his letters and also from some of colonel 
Jewett. all addressed to me, will give in a few words, the tni© 
historj- of the results achieved by Dr. Emmons' supporters. 

Having beard through colonel Jewett, that I had made a joint 
communication with Barrande l)efore the Boston Society of Nat- 
ural Historj-, on the 17th of October, IBliO, in favor of tlie 



'Professor C. Dewc)-, the old ti'ac-her of Emmons always sustained thi> 
Taconic system; and a pupil of Bmraous, professor R. 1'. Stcvpn.s, iit 
Broiiklfn, was also a coiixtant !iU|i|x>rter. hut the death of Vaiiu\t>m 
and the reiircmont of Conrad wcru cxtrenioly unfortmial"' and Ipft thtt 
field to those who uoiir.uiitratiid and united thoir iitfortit to dlssi'miuato 
their erroneous views of nietHinurphlc Cliumplaln and of an iuinietiMt 
HiidHOu Klvcr group. 
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Taconic system, he wrote me from Raleigii, North CuTOltiia, the 
20th of November : " I Bhall wait with aiiiiety the receptiou of 
your promised paper. You have already, so colonel Jewett tells 
me, stirred up the trio, Logan, Hall, and Hunt The latter took 
the colonel to task a few days ago for his belief in the EmmoTuian 
myth, as it is called by Mr. Lesley, of Philadelphia. " 

In a letter dated Raleigh, January 23, 1861, he says : "I am 
under the highest obligations to you for the decided part you have 

taken in the qaestion respecting the Taconic system Mr. 

Meek was afraid of making a call at my house lest Hall might 
hear of it. (Meek waa assistant of Mr. J. Hall from 1852 to 
1858, and during his long stay at Albany, he did not call once at 
Br. Emmons' house, because when taken as an assistant by Mr. 
Hall, he agreed that he would have nothing to do with Emmons.) 

. I always doubte<l Hall's ability to make out a tbiug,-for I 

foimd he made manj- blunders — has made them all along the New 
York Survey, beginning say, with calling the Helderberg lime- 
stone Mountain limettone, etc., et£. He has with great zeal de- 
nounced me in his third volume of the Palteontoli^y of New York, 
just out, and run his statements to prove the error of the Taconic 
system over forty pages, I am told." (The third volumi of the 
Palteontolt^' of New York was really published in November, 
18G0 ; several copies were already distributed when Barrande and . 
Marcou'a joint paper appeared the 24th of December, 1860, at 
Boston. In the American Journal Sd., January, 1861, the edi- 
tor announced that in "the Introduction Professor Hall handles 
with masterly skill the proper classification of the lower horizons 
of life in our planet and that a review of that important chapter 
with the views of Barrande will appear in the next number." But 
that review never appeared ; the distribution of the official volume 
of palteoDtoIi^ was stopped and the few copies already distributed 
were returned to the author, and Mr. Hall suppressed all his state- 
ments designed to prove the error of the Taconic sj'stem, recast 
the whole of his Introduction, suppressing the forty pages de- 
nouncing Dr. Emmons, and after three years of hesitations and of 
vousultations with Logan and his other associates, he Anally dis- 
tributed the volume in May, 1862, without giving one woi'd of his 
so long announced "proper classification of the lower horizons of 
life in^onr planet " as he understood it before the publication of 
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that uDcallml for, vcn' tittublesome Joint paper of Barninde and 
Man-ou. ) 

Poor Dr. Emmona was provoked in all HOilis of wiij-s, and 
treat«<l nith tlie greatest (untempt. In his letter dated Raleigh, 
Beccmber 28, IStiO, already publisheil in part in my paper, "The 
Taconic system and its position in stratigraphic geology," p, 188, 
Cambridge, 1K85, Emmons says: '-In fine, the persecution I 
suffered for opinion has been rarely ecinaJlec). Rogers said, in a 
SeeWon discussion of the Tai^nie system, that as for the Taconic 
system it is dead ! dead ! dead ! ! ! with a significant pointing of 
bis finger to myself ; an<l ^et, tliere never was a plainer case on 
tbe^fitoe of the earth. " ' 

The following are extracts from some of the letters of the hon- 
est colonel Jewett : 

GeoloQU.li} Roomt. Albany. January 10, 1861. 
My Dbar Slit : 

On my return yeati-rday from a Journey I found the pamphlets ( "On 
the Primordial fauna and tlie Taconic syst^'m, by J. Barrando, with ad- 
ditional uoliPS. by J. Marcou," lloston, December, I860-) you were im 
kind as la snnd mu and for wliich I bef( yon to accept my very slncera 
thaiikx. 

I feel a great Interest In the subject you liave so well sustained, and I 
hope that the Taconic system, (he most Important part of our New 
York section, wilt no longer be Ignored. Taking professor Hall's teach- 
ing without i II vesi ligation. I taught others that the Potsdam sandgtoue 

•Thirty-three years later the same spirit with, if possible, an aggra- 
vation of arrogance, Inspired the writer of the paper entitled : "A brief 
history of Taconic ideas" {Amer. Jr. Sn., vol. xsxvi, Doc, 1888; pp. 
410-427), In which the Taconic system is declared again dead. A pro- 
fessor of geology, graduate of Yale College and consequently an old 
pupil of Mr. J. D. Dana, says In a letter to me, dated May 0, 1889 r 
" When after saying for fifty years that a certain thing la dead and con- 
tinuing to bury It during that period, the Idea Is carried to Impar- 
tial spectators that the corpse Is quite a lively affair to refuse to be 
buried. My attention was attracted to the Taconic question by the fact 
that, in spile of repeated intorments, the Taconic system — like Hanquo's 
ghost — would not stay quiet. 1 was further impressed with the un- 
seemly warmth of the sextons who hod so frequently officiated, and I 
was led to study the question In an entirely Impartial spirit, and I have 
concluded that Dr. Emmons and yourself were and have been in the 
right." 

The same year another writer attacked Dr. Emmons on every possi- 
ble point; paleontology, stratigraphy, llthology, classlfleatlon, use of 
the name Taconic, right of priority, as a collector of fossils, and even 
as to the disappearance of his geological map from the first volume of 
the Agriculture of ft'eic York ( "The Taconic system of Emmons, and 
the use of the name Toconir In geologic nomenclature." by C. D. Walcott, 
-Imer. Jr. Scl. vol. xxxv, March, Aiirll and May, 1888, pp. 32'J, 307 
and 394.) 
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was the oldest sedlroentary rock In the Stale, until I was obliged by 
ocular demonstration to airknowli^clge I was wrong, and as far as in my 
power I have corrected the error ; and of course I teel It my duty to as- 
sist professor Emmons to the e.vtent ot my ability ; and I was delighted 
to learn he has more powerful and cfliclent friends. 

T was pleased to learn your opinion tliat the Potsdam sandstone 
should be placed in the Taconic, for I have ever tliought it belonged to 
the Bottom rocte. 

1 should be very happy to sec you In this city and show you 

among other things the fossils collected from the Tai'onlc system. 
I am, dear sir, with great respect your obedient servant, 

E. Jbwett, 

Jules Marcou, Esq., Boston. Curatur Nat. Hist. 

G&iiuglail Rimmg, Albany, January S3, 1S61, 
My Dear Sir : 

Please accept my very sincere thanks for your kind letter and valued 
work on "(ieology of the United States and the British provinces of 
Korth America.'' Boston, lf)a3, which came yesterday. 

The "Geology of " I read carefully soon after It was published 

but was so stupid or unfortunate as to think It a work of great value 
and still continue in tlic opinion. I was not surprised that it was at- 
tacked by professor Hall— no work of the kind escapes him ' ' ' 
But Just now he has enough on his hands to sustain his false theory In 
relation to our rocks and he will Hud It a herculean labor to keep out of 
Sight mort^ than thrtr-fouiihi of our sedimentary strata. I ant told 

• • • that he niiw thinks more of stratigraphy and less of palioon- 
tology than before Sir William B. Logan published his letter! (Re- 
marks on the fauna of the Quebec group ot rocks and the Primordial 
Kone of Canada addressed to Mr, Joachim Barrande," Montreal, 3rd 
January. IBtil). He observed that if Sir William's aircount is truo 
geology is all iijUuit. We shall probably see in the March number of the 
JintTtuil of Si^ftmx some tine spticial pleading. (A letter ot Mr. Hall to- 
the EM! tors, continues his opiKisItlon to the ''scheme of Barrande In 
reference to the successive faunie of trilobites, as cstabllslied In Itohc- 
mla and the rest ot Enrop4\") 

I have little doubt but Emmons will cordially agree with you in rela- 
tion to the Potsdam sandstone. I had a talk with him on the subject 
and the trilobites of Owen from it and now think his opinion agrees 
with mine. He Is exceedingly obliged ti> you for tiie very eihi'lciit as- 
sistance you have rendered litm. Emmons Is a man ot stcrllnR worth 
and integrity and by having been placed in a wrong position by sharp 
practice and maneuvering in a lawsuit where he was only a witness, 
has been tlie Itext alnuicii man in America, and all without causi-. [It 
was in regard to a publication of a (treat lieological Tabular view for 
the scliools of Xew Yorlf.l 

Hall says that Sir William (Logan) hax not endonMHi tlic Taiimtc sys- 
tem : hul as yuu observe he will be ubliuod in do »o. His letter to Bar- 
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r»ndc \* rather rruaty, ftnd In bul grace, and no wonder, as he revii-wed 
the ground In I85U. Then Hall was his patieontologlcal dictator, a.<i he 
has been through the whoh> survey, but be could not resist the over- 
vhelming truths produced by Billings. 

I am, my dear sir, very truly yonr Irlend, 

E. JSWKTT. 

J. Mareou Esq., Boston, 

OenlotrloiE RoomK, Albany. Oct. IT, 1B61. 
Mv Dear PftorESHOR : 

I am highly gratified and obliged to you for your active assistance to 
■dIsiH'l errors anddo Justice to science and toa mostworthyman. • • • 
Mr. Billings speaks of you in the highest terms both personally and as a 
man of sdence. We bear nothing from Emmons ; he will feel grateful 
when be learns that you and Billings have devoted your talents to sus- 
tain him. I hope very soon to hear from him and will let you know at 

I do not understand French well enough to write to Barrande, and I 
beg yon to offer him my highf^st regards and thanks for Ills valuable as- 
sistance in exposing the errors of our palieontologist of ihe stale of New 
York and doing Justice to Emmons and his frienils. 

I am very truly your friend, 

B. Jewett, 

Profi'ssor Jules Maroon, Boston. 

Oeoioc/iml Romi\», AlbHiiy, .lauuary 27, 1^62. 
My Dear Piwfessor; 

Many thanks for your most cxcelli-nt papiT on "the Taconlc and 
Lower Hllurlan rocks of Vermont and Canada," November, IMl, Bos- 
ton : nothing for years has given me more pleasure, for It Axes unalter- 
ably the long disputed facts. • * • Dr. Emmons wilt owe you and 
Billings great gratitude tor your noble and generous assistance, and as I 
used all my efforts In his behalf • • ■ I offer you my most cordial 
and sincere thanks. 

I do so want to communicate the news to our honest and good friend 
Emmons I but he Is not to be corresponded with, and sealed up by the 
Rebellion. Wheu ho conies back had wo not hotter get up au ovation 
for bim to let mankind know his worth and merit ? He is one of the 
most modest and unassuming men I ever saw. • • • Let me again 
thank you for the very efficient and lucid labor In the cause of science 
and truth. I am very truly your obliged and sincere friend, 

B. Jbwett, 

Profes-ior Jules Marcou. Bosioti. 

In July, Ifitil, I received from Biirmrwle a large bundle, con- 
tAining thirty copies of his "Documents anciene et nonveaux sur la 
faunc primonliale et le systeme Tiiconique en Amerique," twelve of 
which were a<i<lr(!BBed to Dr. Emmons. It was impossible to com- 
municate vrith him and I sent the bundle to colonel Jewett, who 
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tried in 1862 and 1863 the sending in different Btoall inBta)Iment» 
of only one copy each of Barrande's important memoir and my 
two papers of 1861 and 1862. As his wife succeeded in reaching 
him in 1863, it is protmble that Dr. Emmons saw our three papers 
and that he was cognizant before going to his grave that Barmnde 
had established beyond any doubt and forever, his claims as the 
discoverer of the Primordial fauna and the right of American geol- 
ogy to name the strata containing it "the Taconic system. ' 

As I have said before, the masterly and extremely important 
memoir of Barrande, " is a model of clearness, of sta^ightfornarct 
opinions on the Taconic Bystem, as well stratigraphic as palson- 
totogic, and the most honest protest ever published on any contro- 
verted geological question." ("Barrande and the Taconic Sys- 
tem," by Jules Marcoa, Amer. Geologist, February, 1889, p. 
120.) 

I cannot end better my exposition of Dr. Emmons' great 
achievement, than in translating tlie last paragrsiph of Barrande's 
chapter " Obser^'ations generates sur la faune Taconique," at p. 
297 (Loc. cit) in which he says : "If the distinction of dtfTorcDt 
local horizons in the primordial fauna Is one daj' pointed out in 
North America— even without any regard to the present ciaBsiflca- 
tion and nomenclature— the name Taconic System will not have 
re-echoed in vain in both hemispheres." 

Good and great Barrande, hiB noble words will always remain 
and be quoted by all geolc^sts, and the two names of Emmonfi 
and Barrande are attached forever to tlie oldest fossiliferous strata 
of our world. They are the discoverers and they are the classifi- 
cators. 

Tn order not to interrupt the exposition of Emmons' Toconio 
ByBtem and its special fauna first discovered by him, I have neg- 
lected to speak of his work in another field of geology ; for his ac- 
tivity was not entirely confined to the oldest strata. Emmons 
was appointed state geologist for North Carolina in 1851, and 
commenced the work January, 1852. In November of the same 
year he presented his "First Annual Reixtrt, " in which he de- 
scribed and referred to their riglit place the coal fields of North 
Carolina, classifying them as the equivalent of the LetUn-Kohl 
(Trioaaic system) of Germany. 

In 1836, Dr. Emmons published his "Geological Report of the 
Midland Counties of North Carolina," Raleigh and New Torit, 
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&Dothor work of ttie first order, on account of the excellent figures 
and descriptione of fossil plants of the Triaasic types and of ver- 
tebrate remains. He completed the paleeontological part of his 
North Carolina diacoveriea the following year in publishing his 
Part VI, of "American Geology," Albany, 1857, devoted en- 
tirely to fossil animals and plants of the Permian and Triassic 
systems of the Atlantic slope. In it, Emmons describes the 
oldest mammal yet found under the name Dromatherimn lylvettre. 
All the drawings mode by his son, E. Emmons Jr., nre well exe- 
cuted, being accurate and far superior to all the figures of other 
fossil plants published until then and even since in North Amer- 
ica. We can add that later publications on the same subject 
made by the U. S. Geological Survey are not superior in any re- 
spect, as well for the drawings as for the descriptions and deter- 
minations ; and that Dr. Emmons' works on the Triassic flora of 
North Carolina remain the standard and authoritative publications 
on American palfeophytoli^y. Dr. Emmons also was very suc- 
cessful in his important and valuable reports on the agriculture of 
the states of New York and North Carolina, seven vohimes of 
which were issued between 1846 and 1860. 

The painful strain put upon him, a northern man and loyal to 
the Union, by the great civil war, was too much. In some of his 
letters to me, he says: "Our political institutions tremble. The 
Soath is really in hostile attitude to the North. "..,." The politi- 
cal condition under which we are living in the South is quite op- 
pressiva I cannot but look with great fear upon the results of 
agitation, and it unfits me for work." Ill health soon confined 
Dr. Emmons to his plantation, Brunswick county, where he died 
on the 1st of October, 1863, surrounded by his wife and son. 
His remains were brought home and interred in the Albany Bural 
Cemetery. All hia valuable papers, field notes, maps, books, 
ete., left in North Carolina after his death, in a supposed safe 
place, were lost and are probably destroyed. 

The portrait given is from a small daguerreotype taken in the 
early time of the art, and is the only likeness of bim. 

The letter reproduced by photo-Iithi^raphy is a fair example of 
his writing and signature. It was addressed to professor .Jules 
Marcou, Chestnut street, Boston, Mass. 



)y Google 







U 



--■Iflfe 4 

HI 



A 



¥ 



•^ 



■jGoogle 



Biogifqyhieal Suttee of Effiieser Kinmons. — Mai-vou. 17 

I'i'iii.icATro.Ns I (IF Dk. Ebenekrk BiIMI>N'4. 
1834.— A ski'toh of the gpology and mlnpralogy of the wpstprii part of 
M assail lui ST tts and u Hinall part or tJie aUjohiJtig stat<>a, byChoster 
Dowpy (-4incr, Jr. Sri. vol. vill, pp. l-fiO),— Ihc (irst impcr In which 
Dr. BmmoDS is rjuolPti. Profeasor Dewpy says : "Dr. E. Emtnonsi, 
of Clkcster, from whom I have received many valuable remarks on 
the rock»," and also: "Most ol lhi> minerals of MlddleHcld and 
Chester have been discovered by Dr. E. Emmons, of Chester, an iu- 
dofatlgublc and acute obsrver." From Dewey's paper we learn 
that Dr. Emmons read iicfore the Lyi-eum of Natural History of the 
Jlerkshlre Modleal Instilntion a paper upon "Tlie Minerals of 
MlddU-Held and Chester," and that professor Dewoy made use of it 
for his catalogue of "single minerals," pp. 31-80 at the end of his 
memoir. As the Lyceum of Berkshire never published anything, 
very likely Dr. Emmons' first paper was never published tn full, 
and all we know of It Is tiirougli professor Dewey. In fact, Dr. Em- 
mons collaborated to such an eitent, for the observations and the 
^eologleal map of the "sketch" of Dewey, that it may be said with 
justice that It is a joint paper of Dewey and Emmons. 
1824. — Notice of the granitic veins and beds In Chester, Mass., by E. 

Emmons [Aiocr. Jr. Set., vol, vlli, pp. 2SO-?.'i2). 
1836. — Description of the Grevilleanum sorratum, a new genua belong- 
ing to the order MuscI, by Lewis C. Beck and E. Emmons {Amer. 
Jr. Set., vol. xl, p. 183). 
1834. —Circulation In vegetables, by E, Einmons {^mer. Jr. Scl., vol. 

xxvl, pp. 911-103). 
1834. —Birds of spring, time of appearance in Willlamstown, Mass., 

1831-33, by E. Emmons (Amer. Jr. Set., vol. xivl, p. 30S). 
1835.— Strontlanlte in the United States, by E be ne:!er Emmons, with a 

note by C. U. Sliepard {Amer. Jr. Set., vol. xnvil, pp. 183-183). 
1838.— Notice of a scientific ex|>edltlon to Nova Scotia, by I'rof. E, Em- 
mons (Aiaer. Jr. SrL vol. xxx, pp. 330-3.''.4). 
1837. — First Annual Report of the Second Geological District of the 
State of New York, by Prof. B. Bmrnoin {Ctimmiinlcdtlon from the 
OrraemoT, reUitlve to tite Oeologtcal Survey of tiui SUite, to the A»aeni- 
bly. Assom, No. 161, Albany, 1M37, pp. i»7-153). 
1838.- Report of E. Emmons, Geologist of the Second GeolofflcAl Dis- 
trict of the State of New York (VommunU^tfon from tht Qoih 
erwir, relntlve tti the Oeolootcal Suivey of tlie State, to tlie Aaaanr- 
bly. Assem. No. 300, Albany, February 30, 1838, pp. 18.^>-3.'ia). 
1830. — Third Annual Kc|>ort of E. Emmons, of the Survey of the Second 
Geological District (CommunlcatUin from Ute Oiivemtir. relatlioe to 
Uie OeologUxil Suroey of the Sttite, U> Oie Ag'cmhfy. Assem. No, 
275, Albany, February 27, 18.39, pp. 201-230. In the same paper- 
Assembly No. 'J7S — there is a CommunUiitUin fntm Me-mv. Em- 



iCaptain A, W, VcjpliHi and profemmr Jusejili F. JninM have allied me for the 
titles of papeni by Dr. Eninioiut pablisjied in twujieriiMiiunls: "Tlie Americu) 
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immt and Hall, rctfttlve to a place oF dRpoait for tho diffprnit Hpcc- 
Imcns collected by the Geologists, pp. 5-T.) 

1840.— Fourth Annual Report of E. Bmnions, of tlie Survey of the Sec- 
ond Oeologlcal District {CommuniciMon from the Qovemor, iiiint- 
mUtln^ eeoeml reporin reUiHve to the O«ol«ijloi( Suroey of the Suite, 
W the Aggemlilu- Assembly Ko. 50, Albany, January 34, 1840, pp. 
25»-S53). 

1841.— Fifth Annual Report of Ebcnezer Eniinons, M. D., of tho Survey 
of the Second Geological District {CommunhntUm from the Qtm- 
emor, trangmiUliiy gcveml reports relative to tfie Oeoingical Swrvey of 
Oie State, to ttte Jlaaemiiiu. Assembly No. 150, Albany, February IT, 

1841, pp. 113-136). 

lB4t. — Memoir of the Geological Survey of the state of Delaware: In- 
cluding tho application of Geolo(clcal observations to Agriculture, hy 
Jamee C. Booth, A. M.; a review by Prof. B. Eramons (Tlie Ameri- 
can Mag. and BepoMiory of tweful lUeroturt; devoted to nclence. Itter- 
dtureatid art, and etnbeltithed wUh numerous engravlnnt. Edited by 
John S. Wood M. D. and Barnahus Wood, vol. I, pp. T7-7», Albany, 
Sept. 1841. Only two volumes of this rare publication were Issued, 
for the year 1841-1843). 

1841. — Geology of the Montmorencl, by Ebeniser (Sic) Emmons, D. M., 
with one woodcut. (Amer. Mag. and Bep., etc., vol. 1, pp. 14ii- 
150, Albany, November, 1S41. Beprlnt«d In The American Gkot.- 

OOIST, Avgtist, 1988, vol. I!, pp. 94-lUO, Minneapolis.) 

1841. — Utility of Natural History (extract from a Ipctnre delivered Id 

the Albany Medical coUe^tc), by E. Emmons, M. D., Prof. Xat. 

Hist. etc. [Amer. Jfaff. and Rep. etc., vol. i, pp. 163-16."), Albany, 

December, 1841). 

1843.— Geological Observations by Ebenizer (Sic) Emmons M. D. 

(Amer. Mag.andRep. etc., vol. il, pp. 5-9, Albany, January. 1843). 

Dr. Emmons says: " In the November number of this magazine I gave 

a brief account of the roekw at the falls of Montmorency." In this 

nntnber he gives some additional remarks In relation to those rocks 

more particularly on their Uthologlcal i-liaracters, their extent and the 

changes In position since tlicir dcgiosition and the period when those 

changes took placi', under the sub-head, I. Llthologlcal characters. 

II. Extent. III. DIslofatloii and chani^es of position. IV. Period or 

era of those dislocations, with two woodcuts. 

1B4S. — Geology of New York, Part II, comprising the Survey of the 
Second Geological District, by Ebenezer Emmons, M. D,, Professor 
of Natural History in Williams College, pp. 437, fifteen plates, 4to, 
Albany. 
1843. — Topography, Geology, and Mineral resources of the State of New 
York, by E. Emmons (,4 GiitcOecr of the SUiif iif Kmu York: Al- 
bany, J. Disturnell, editor, March. 1S43, pii. .^-35, Beprlnted in 
part by A. W. Vogdes In Tiik .\mkbicas Gkot.ooiht, vol. II, pp. 
:),i3-3."i.';, November, 1H8S, Minncapolls|. 
1 843. —Resolution H on the subjei-t of Drift, by Prof. Emmon* ( J?eport» 
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of tiie First, Second, anil Tlilrd Meellrmg iif the AnsuciiilUin of 
American OeoUigliiU and SatvnUlals, at Uoatan, in li'4a, ii. fi(>. Itos- 
ton, 1M3). 

1843. — Metamorphk change)* by &rtlficl&l ht-at, In Potsdam sanilstoiK-. 
by Prof. E. Emmonsi (Amer. Jr. Set., vol. xlv. p. no). 

1843. — Ralri-marks in the Polsdam aandstont', by Dr. Emnioiia (Ainrr. 
Jr. Scl., vol, xlv, p. 316). 

1844. — The TacoDlc system; based on observations in Npw York, MasM- 
chusettx. Maine. Vermont, and Rhode Island: by Ebi^iii'icr Em- 
mons, M. D., Professor of Natural History In the Albany Medical 
College. Albany, pp. 68, six plates, 4to. 

184.1.^ — The Ainerimn Qvarterlj^ Jourtml nf Agriculture mul Srieiire, 
uondiictud by Dr. E. Emmons and A. J. Prime, vol. 1, Albany. 1845, 
contains the following geological articles by Emmons: 1. Keds of 
oyster shells on the Hudson river, pp. 215-219; 2. Phosphate of 
lime and other fertilizers In the older rovks, pp. 310-221. 

1840. — Agriculture of New York, by Ebciiewr Emmons, ."j vols, anil 
plates, Albany, 1846-1854, 4to. 

Chapter V of the first volume, " the Taconic system," and Chapter 
' VI, "the New Y<»-k system," contain the best and most Important 
<:lasslflcatlun and description of the strata of the stale of New York, 
pp. 45-304. At p. 3(it of the first volume Is the " Description of the 
Geological map," which was never distributed with the volurai', be- 
cause the map was concealed until 1B8T. 

1848. — The Amerimn QunrUrly Journiil of Agriculture mul Science, 
conducted by Dr. E. Bromons and A. J. Prime, vol. II. .Albany. 
1S46, contains : 1. Drift and changes In the position of soils, by E. 
Emmons, pp. 2H-33: 3. On the supposed Zeuglodoncetoldes of Prof. 
Owen, by E. Emmons, pp. 59-63; 3. .\gricultural geolofcy. by ,B. 
EmmonB, pp. l-in and pp. 180-198. 

Vol. Ill, conducted by B. Emmons and A. Osborn, Albany. 1H46, 
contains : 1. Agricultural geology of Onondaga county, by E. Em- 
mons, pp. 161-102; '.'. Structure of Granite Mountains, by E. Em- 
mons, pp. 207-210: 3. Description of some of the bones of the 7.eu- 
glodon cetoldes of Prof. Owen, by B. Emmons, pp. 22R-23], one 

Vol. IV, conducted by Dr. E. Einmons, A. Osborn and O. C. riar- 
dencr. New York, 1841, contains: 1. Some of the mineral resources 
of Ne«[York, by E. Emmons, pp. 27-50: 2. Mineral and agricul- 
ture resources of New York, pp. 199-203; 3. Remarks on the 
Taconic system, containing In part the discussion upon this subject 
at the meeting of the Association of American Geologists and Nat- 
uralists, September, 184ii, pp. 202-309; 4. ComUiirln pemfuiU'n. 
sp. Emmons, 3 figures, p. 330. 
1847. — The Amertcan Quarterly Journal of Agricullure mul Si-lcnre, con- 
ducted by Dr. B. Emmons and A. Osborn, vol. v, Albany, 1847, con- 
tains: 1. The limestones and lime, pp. O.'V-IIS; 3. No i:oal in the 
New York rooks, pp. I3iv-129; 3. Reply to Prof. AduuiH* remark on 
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tlie Tacoiilc. system in tlip Association of AmoHtari (Inologlsts and 
Naturalists, at tho Boston's nKwtiug of 1847, by Dr. Emmons, p. 
313; 4. Report from Mr. Vaniixeni, on the Taconic aystem to show- 
that thoy are rocks iDt«rmodlato between the primary rocks and the 
Potsdam sandstone ; and Mr. S. 8. Haldcman read a report show- 
ing that AUipg trlllnetitUK and TriarUiru» li€(Ml were not identical ; 
|i. 213. (The report of Vanii\em was never publlslied, but Halde. 
man's report was published by Dr. Emmons at pp. J94-J95 of toI. 
V, Amer. Quart. Jr. Agrloultiire nnd Sc.) 

448. — On the identity of the Alopn trUinenfus and the TliThirthriui 
heckll (Grvcii), with remarks upon the BlJlploeei^ilu* asaphiildeK, 
by Professor E. Emmons ( .American Association Advancement of 
Silence, vol. 1, first meeting held at Plijladelphia, September, 184B, 
pp. 16-10, Philadelphia, 1849). 

Cii. — On Ailments, by Professor E. Emmons (American Angoclattnn 
AdistHcement of Scieiiix, fifth meeting, held at Cincinnati, May, 
18r>l, pp. 90-91. Washington City, 1851). 

K'll. — Remarks upon u neon form ability, by Prof. Emmons (American 
AKMociation Advancement of Science, sixth meeting, held at Albany, 
Angiist, IH.'il, p. 3.')6, Washington City. 1853). 

a.'il. ^Remarks on the origin of stratification, by Dr. Emmons (AineH- 
can Aimnclatlon AdiitntxTnent of Scrlence. sixth meeting, held" at Al- 
bany, August, 18S1, p. 209. Washington City. 18.13). 

H't'i. — Report of Professor Emmons, on his geological survey of North 
Carolina. His first Annual Report. Executive Document, No. 13, 
Uulelgh, November 32, 1853. pp. 182. 

fHiH. — .\mcrlran geology, by Gbenezer Emmons, vol. i. Part T, Albany, 
18.^i'i. pp. 11)4 and one plate. 

f)5ri.— Geological Report of the Midland Counties of North Carolina, by 
Btranezer Emmons, New York and Raleigh. October 1, IK.'>6; pp. 
:i»3 and 13 plates. 

Bri". — .\merlciui geology, by Ebeiu'zer Emrnons, Pari VI, Albany, 1857; 

pp. 153 and 13 plates. 

IS."i7, — Fossils of llie sandstones and slst<>s of North Carolina, by E. 

Emmons (Amer. Askimu Ad^. Scleniv, eleventh meeting, held at 

Montreal, August, IS.",?: pp. TQ-SO, Cambridge, I858(. 

)d. — American geology, by Ebenezer Emmons, Part H, Albany, 1858, 

pp. 251 and 19 plates. 
>9. — The chemieal eonstilulion of certain members of the Chatham 
series In the valley of Deep river, North Carolina, by Dr. E Em- 
mons (Amer. Aasoc. Ado. St^leiiir. twelfth meeting, held at Balti- 
more May, 18,'i8; pp. 3:tO-333, Cambridge, 1859). 
59.— Manual of (leology. by ElM-nezer Emmons, pp. 29T, New York, 
18511. A sei'ond edition, with additional notes ut pp. 380-2i4l, was 
Issued in ISiiO. 
1859.— Remarks on the head of Ciepsysaunis found In Chatham county. 
North Carolina, by Prof. Emmons {Pmceal. Acnd. Xnt. Sciences, 
1859, p. 151, Philad.'Iphia). 
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1859. — The DroRiatherluiii sjlvestro, Emmuiis, Trom llio foal oC 

Chatham uoiuity, North Carolina; and remarks on tho tlohttiimiiil- 

zation of coal, by Prof. Emmons ( Proceed. Ami}. Nat. Sflemfs. 

1839. p. 182, Philadelphia). 

I860.— .■Vgrlcnitiiroof North Carolina, Part II; hy Ebcncier Emmons, 

Ral<-l(th, March 1, lt«lO, pp. 113. 
1860. — North Carolina Geological Survey, Part II, Agrlralture, liy 

Ebencxer Emmons, State Geologist, Ralelgli, May. 1860, pp. 1>5. 
18*:;.— Mr. E. Bllllugs i\&» published d letter of Emnions' addresSL'd tu 
hfm. In his paper: "RRmarks on tlio Tacmilrconlrovorsy," \i. la 
{CnnadUm Naturalint, April, 1872). 
ISrtiK— Mr. J. Marcou haa published a leticr of Emmons addrt'ssetl to 
him. In his paper: "Sur lea polonii'sdans les roehes Tai'onli|iiesdes 
bordsdu lac Champlaln," pp. 19-20 (fluff. Sni: geologhiue Fnin'r. 
vol. ix, November, 1880). 
]NS,'S._Mr. J. Mareou has publislieU elftht li'ttcrs of Emmons addressiii 
to him. in his paper: "Thn Taconlc^sy.tti-m and Its position hi 
slratlgraphlc geology," pp. 1S4-1U1 IPrmval. Amrr. Acail. Ann 
iiml Sciences, new series, vol. xll, Dei-ember, 188-1. Cambridge). 
PoKT-scRiPTUM. — .\ltlioug)i thirty years have elapsed sinii' Dr. 
Emtnons left Albany for North Carolina, never to return alivo. 
and it is twenty-seven years sinc'O his death, the opposition to liis 
discoveries and views has kept the character of disini^niiotisness. 
and covert persecution to his adherents shown from t)ie beginning, 
forty-five years ago. 

Finding it impossible to deny any longei' the priority of iiis dis- 
coveries, the aim of bis opponents has talien the round-about nay 
of denying the e.^actnesa of his ob8cr\ation9, the correctness of 
his determinations and descriptions of fossils, as well for the 
primordial rocks and fossils, as for the Trias of Sortli (j'iin)lina. 
It is not that the number of his adversaiies has increased; on the 
contrary it has remained stationarj, while the number of adlicr- 
ents to Emmons' views has increased ten-fold from what they 
were in IXOii, notwithstanding tiie death of Emmons, Barrande, 
Billings, and Jcwett. But the same spirit of lowering the 
national record of American geology, and of tlirowing dust into 
the eyes of those who cannot see and judge for tliemselves in the 
field, of the value of arguments put forwu^l. has continued to 
this day its unworthy wurk. 

The number of original and well traine<) nbsen^ers is still t<>o 
limited on this ci)ntinent, and the ground t<> cover is two givat. 
&o it is still reiatively an easy task — although not so easy us it 
was in 184li — tu make such combinations of unscrupulous geolo- 
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H'lsts us tj) obstruct ami delay the genend aceeptance of the great 
work of KinmoiiH. 

-ifUr the intcneiitidn of Barrande in favor of Dr. EmmonB, all 
his (-fitic8 wore at sea, awimming in every direction to escape 
fixiin their untenable position of the transfer of the primordial 
fauna alkove the BCi^ond : Init at the same time taking good care 
to ignore all the obsen'ations of Kmmons and his friends. How- 
ever, all their efforts at classification have continued to be most 
helplessly incorrect ; thej- have oscillated from one error U> another, 
and they have <Ioiie nothing during the last thirty years but to nul- 
\ity all the time what they have proposed themselves, changing year 
after year tlieir curious claasiflcations and nomenclatures. All 
their creation of great faults — such as in the rear of the citadel 
of Quelioc, in front of the citadel, in the bed of the St Lawrence 
ri\ <T, at Wolfe's cove (cidletl a profimad fault), east of forts Xos. 
2 and 3 < called an overlapping fault ), at Cai>e Rouge, St. Foix, 
Quebe<- city, island of Orleans, Montmorency Falls. Washington 
county. New York ; Georgia. Vermont, etc, ; their creation of 
great and continuous synclinal and anticlinal axes; their crea- 
tion of fosiliferous limestone-conglomerate with Calciferous fossils 
in the matri.\ and Lower Taeonic fossils in the pebbles at Pointe 
Lf'vis. which are not at all conglomerates ; their creation of 
cijuivaicncy and synchronism of strata, such as Pointe LiSvis, 
l'liillipHl)ui^h, Fort Cassin and Shoreham groups identified with 
the iionnal and typical Cah-iferous of the geological suney of New 
York ; the citadel hill of Quebec identified with the Trenton of 
^lontmorencj- falls ; the Taeonic elates of Kmmons eastward of 
-Mliauy, composed of 5,(IOft feet of strata without the true Lor- 
iidne fauna an<I containing a supra-primordial fauna, identified 
with the 1,(100 feet of tlie typical Lorraine shales, etc.; all such 
cniatioiis and empirical explanations are mere expi-dienta. Bcing^ 
unable to agree among themselves on anything acceptable without 
suppositiouK ab^luttfly baseless, they are reduced to call to their 
iielp Iti'iiish classificators and British palaimtologists. who ignoRil 
the pj'imoi-dial fauna and all the true stratigraphial sequence of 
the l.iiwcr pala-ozoic i^oclts, until Itarramlc went to their islands, in 
IH.'iO, 111 |)oint them out. 

Itui p:issiouatc men. 'm. well in geology as in any other human 
piii-suil do not see the tnie character of their position, and it is 
Useless III cxiHvt a n-asonable sui-render <)f mistakes nneiiualled 
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and unique iD the history of geology which class tlioae who made 
them at a verj- low levfl as observers. They have enjojed and 
still enjoy to a certaio extent popularity, however mistekeu they 
-are id their observations and claasifi cations, and they do not in- 
tend to resign it. It is reserved to future generations of Ameri- 
«an geolc^ists t» render Justice and honor to the memories of those 
who have suffered during all their lives for progress and truth. 
Canil>ridge, .Watt., April. 1890. 



Bv F. W, Cbahih, Top«hK, KorBss. 

(Coiillnueil tiata OrtolHr SiiinUcrJ. 

In portions of the Kaasas counties of Kiowa, Conuuiche, 
<!Iarke, Meade, Ford, Pratt. Barber, Harper, Kingman, McPher- 
9on, and Kice, and overlying the Cheyenne sandstone wherever 
the latter occurs, may )>e seen i-emnants of a geological stage 
which is of especial interest ; first, because it is one which was 
<liscovcred iu Indian Territory-, and announced as found there, 
thirty-five years ago, by Prof. Jules ^Iflrtou, but which, as an 
American formation, has )>een ignore4l h}- the rank and file of 
American geologists from that day nearly to this ; and again, b^ 
-cause its American geography, striitigraphy, and paleeontolog}' 
are still very imperfectly known. 

This is Uie Neocomian. It includes, in the southern Kansas 
■district, a series of marine shales, with subordinate santlstones, 
shell-conglomerates, and shell breccias, situated between the base 
of the Dakota and the summit of the Cheyenne sandstone. Over 
a targe part of this district, owing to eirwion of one or Iwith of 
the latt«r formations, the Neocomian rests \i\Ktn the Triassicor is 
ovei-laiil directly- by the Tertiary. Its shiiles ai'c usually light 
drali or buff in the upper portion, and of a dark slate color in the 
lower. The most conspicuous feature of its outorop is the hori- 
zon of dark slate-coloi'ed siiale. The color of this i)orizon 
has led to much useless pixjspeeting for coal. Lignit**. in- 
<lee<l, often occurs in it in seams, fragments, and pockets, l>ut is 
nowhere found of sui-h iiuulitynnd quantity as to be practically 
available as a fuel. 
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Its outcrop in Kansas is mostly lioear and verj- irregular. Be- 
ginning on northern tributaries of the Medicine Lodge river in 
the northwestern part of Barber county, it extends up the valley 
of that river to points on the headwaters a tew miles north and 
west of Belvidere ; thence to the west, in an irregular southeast- 
erly directed loop, to a point in tlie bed of Bluff creek, Clark 
county, a few miles alxive Vanhem ; and thence southwest to a 
point on Crooked creek, Meade countj', near Odee. West of 
these points, it passes beneath the upland. It reappears in the 
Public Land between the Ciinturon and the North Fork of the 
Canadian in the region where these streams most closely approach 
each other. This and some limited occurrences in the divide be- 
tween the Red Fork and the Cimarron, south of Avilla, connect 
it with tlie Cana<1ian and Washita river district in which it was 
first recognized in its true relations in 1853 tiy l*rof. Mart'ou. 

Of the two divisions into which the American Neocomian can 
Itc more or less distinctly separated in Texas, only the older, the 
Fredericksbui^ of Prof. Hill, is present in Kansas. The actual 
contact of the Dakota aeries upon tlie Fretlcricksbui^ divisitm is 
well shown near the heads of Bear creek and the Little Sandy, in 
{'lark countj', and of the Metlicinc hodgo river and several of its 
branches in Kiowa county ; the latter district locally j'ielding 
characteristic Dakota leaves in abundance. It is less perfectly 
shown by the contai-tof remnants of a Dakota ledge entoinl>ed in 
I^up Foric calcareous sandstone at the point where the trail from 
Dodge City to Camp Supply desccnda from the divide north of 
Ashland. At the Blue Cut hill, S. S. W, of Belvidere, in Kiowa 
county, and on many high points in this and neighboring counties, 
lM)ulder-rcmnants of the Dakota sandstone overlie the Fredericks- 
burg shales and usually bear incrusLttiona which unmistHkably indi- 
cate their release from tlie Loup Fork calcaroous sandstone. We 
have thus clear evidence of tlic former deposition of Dakota 
8e<timents upon those of Frederick si mrg age over this region and 
of their subsequent removal from most (if it by erosion. At the 
West Bear creek locality, in Clark county the siiiK'rimiJiiMfd Da- 
kota shows a thickness of not less than tifty feet ; on the Middle 
Branch of the Medicine Lodge, it has a thickness of n<)t less than 
Bcvcntv. 

Tlie tliickncss of the N'wjcomian scries in Kausa.s is \iiriable, 
Imt pii.h^ihly nowhere exceeds ITill feet. This masimiini is ap- 
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parently reacbed in Kiowa county, south of tlie Medi(;ine river. 
In tlie high bluffs of Bluff crcelt, below Vanhem, it measures 
nearly as mucli. At many localities it ranges between tiO and 100 
feet. Nortti and east of the Medicine river it l>ecome8 thinner. 
In portions of Kingman, Harper, Barber, Coraauche and Clarlc 
counties, the Neocomian has been entirely eroded from areas where 
its lonner presence is attested by numerous specimens of Grypka:a 
^tVcAeri'and a small 6VypAwa which is perhaps distinct from the 
latter and fragments of characteristic shell -breccia. North of 
Aharon both of these forms of Grypliau are included abundantlj- 
in the Loup Fork conglomerate, together with shell-breccia and 
fragments from the Cheyenne and Triassic sandstones, showing 
the working over of the Mesozoie roci(8 bj" the Tertiary lake 
waters. 

The dip of the Neocomian series, as a whole, like that of the 
Cheyenne Sandstone, is eastward and southwai-d. Individual 
strata are subject to considerable undulation, and may dip for ^ 
short distance in any direction. 

In Kansas, the Fredericksburg shales rest everywhere upon the 
Cheyenne sandstone or upon the Triassic reil-lieds, witli the imssi- 
hle(but, I think, improbable) exception of one or two localities 
in Mcl'herson and adjoining counties, where the al>aence of 
Cheyenne se<liments from beneath a part of the Fretlericksbunj 
may. at some p<iint. bring the latter directly upon the iVTinion 
shales and limestone. 

The sections given lielow will nffoni an adcrpiate idea of the 
prevailing charai'ter and local variation of the Xeocomian of 
southern Kansas, and of its relations to older and more rc<'cnt 
formations : 

BEL^'lllEKK SECTION. 



No. 


rt'ZZ.^ 


Toi. 
of 

liiii. 






■" 10 



rlit olive-brown or yellowinli-bmwii I'artliy hIibIp, witli iii 
Ills luyprx <if Kliiwy, punile-rcil Oftren fiimklini bn-i'dii 
li^irli larKw siw^i-iii^j^iw I't Qrvpbirn pitrlierl ar e Im liwlili-il. 
lie im No. 1 ( from wliii-li it in elsewhere not sepnTalili-, an 
ihere not xliBrnlyni). but with uliliclonnl Chin layers of hniwr 
;ydli>»l)ih cnlcArooiui nuiilMtiine. wliirh are in part bartPii, i 
iintrt irluuveil willi vhIvi'h nt two or tlin-e small uiiJctisiiiiiiiei 
lii|iR«<pi> D( blvnlVH iiiiilhiskK, niid xuinetlmeB willi O'lre 
fraiitlinl. 
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BELVIDERE SECTION -Ci .11 limieii. 



.... jIpk siiuilur to llinse o( Noa. 1 uid 2, but hecoinliiB ilsrket 
Wliiw and thiu iuipercepcibly vradins: iiito the upper jMri of 
tli(He of No. 4: intercalated tTironsliout with bands of liard, 
areiiaceoiu, yellow llmeHUnie ; the Utt«r usiully cliwsed lieav- 
ily Willi inolliuican.(ihpllR, aiunnK whicli, Cyprimena erama, 
C'nrdiuin kiattatrnut, Otlrea franliUni, Tvnvella mamorkU. 
var. helriderel, and aii Anrliara allied lo A. raida are tbe nioat 
abundunt. 

Dark, nlate-tulored, carbonaceons shale, veath^ns into 

*»Ie-lilierliipa, wilh oecaaional yellow and broivn streaks, ott«ii 

•ivKiiated with KUlphnric acid and cliAiKed witli hesutihil 

Inte an<l rliomboidal selttnlte crystals, witli occasional bandii 

of dark, arenaceous liiiieslone (sometlmBs compact mndstone ) 

HiIsiniiiK fossils apparently ideiitii^al with HOme in Nu. 3 and 

[111 bandHof lignite . 



A Bray shell-conglomerale (^imposed mostly of molhiscan- in 
|iart. of oih«r invertebrale— fnuils of many HpeuleH. Uryphaa 
vh™., KTagyra flahet'ata, Trigunia emnrvLlaoaeatva rulgarin, 
V'irdium btlvideivi. VVPrimeria oradaln. TurritcUa mamochii, 
Ammoiiile' acutn-carlnolut, A. pedrrnoiin.tiTiil a Herpula, like 
.V. inlriea, are some of tlie more abnndniit (onnB. 

Thp riieyenne gandntoiie,— Obliquely lamliialed. mostly inco- 
herent Hundshme. coiunionly grey, or gKy and yellow, bul oflen 
HonceoiiHly decorated with crlmion, purple, Ncarl«tt, oran|tc, 
yellow, hmwn and otlier colors. Someliines impresnaled mtb 
mil|)hur I chiefly in the niiper part), which often incrusts Its ei- 
iHHures with a yellow "bloiiHom. It contains trasmentH and 
IhiiicIh o[ liKiiite. and ailiclfled cycnds and conifers. 

Vhit 



Besitlos tlii^ more characteristic species alK>7e noted, tlie follow- 
ing are the forms tliusfarfound iu No. 3of the Belvklere Section : 
OrDjihivii pilthei-i* Mort., same, yxc. fomuulata White, Nfxihea 
quintjiiririttnta Sl>y. , ( ? ) Flicatula arenaria Mk., Iiwcemiimt Bp,, 
LimiipnU 8p. , (?) Nneuln sp. , Remomdiii /errmii Cragin, Trigoii ia ' 
finori/i Qon,, C'lrdiiwft sp. (quite distinct from the abundant C. 
ktins'isi-ntf (Mlc.,) Cypriiia omta M. & H., Pkolaihimya {f) 
elegitii*. (?) Mur.tni sp, , (?) Glohiconcha eleKtila Shum. , jVcri- 
tiiiii sp., Turrilelhi mtirrocliu White (typical), AmmonitFs iicittii- 
cnriiiiii-it. and a niimlier of forms of nndetermincd genera. 

Similarly in No. 5, occur tiie following forms, in addition to 
those aliove jjiven : Oilrea dlluviaii'i L., Anomia telliiwidet Mort., 
A- iifiiiiituriii Jlort. , A'eitlieii quiiiijKer.'istaUi SI13". , Pinna Bp. , 
(ii-nil/eii sp. ( ullie<l to G. eiiicfj» Desli.), Modioli! hiirliiigtonKHn's 
Whitf.. LhH'.i.nix sp., Idon-'-rra (?) Upp'iua Con., Cardiiim 
~"-.)t"lhls s[,.--i™ iwo S| " " ' ""^ ^ - ~ - - 

nor ihi> Ent 



>y Google 



Cheyenne Sundntone of Kunnaa. — Cragin. 27 

hilhinuvi Sbj-. . { ? ) Goiiidia* Bp. . Fholmh.myn j;iw/'i-i<ih<ff Roem. , 
Li'ipislhii protextu Con. , Uomnmi/a aha Hoem. , Sciihirin sp. , (?) 
LifknlriK-liiis ap. , and several other genera not yet SHtisfactorily 
determined. No. 5 has also j'Jelded n specimen of coral of the 
family Attrieidte, and several casts of large sigmoid burrows 
<leazitoid in crosa- section ), supposed to 1k> those of a Nereid 
worm. 

The Curdmn designated in No. 5 as V. Mvidei-ei is allied 
<_/i(ie Marcou ) to the Neocomian C. cornueliiiiniiii ll'Orh. 

BLUE CUT MOUND SECTION. 



riiler!iUI>«Iiufre«t S— HIl. luiiKlof ilBrk-brovrDltekotBiiaiid- 



UiifHT part with boiildem ol Dnkotn muiilNtoi 

(■u) witli <lebm«[ bmwn-aud-]nin>lM>andnrl, nllea li 
- ^ tiiHis iif clB]r-in>iiHt(iii>', WHOCmtiHl nllli yelloiF f 



lilx ileterted. 



9 20 'rloii-nnwlieneil (acBi; ImiliRUyuid -_ „ 

-' ^liriivhtra pilehrri. iMtffit fraHKliiii aino appeniM sii 



iiff farlliy i-lay-aliale* 



3 Willi iiiiin?rnUHtliiiislraMof O'Irta fraHkhni\infc\i. 

'>' iiiu mimttiniHlly nitlier Iniw iippciinPiiK nf tlrvnlura niteluri 
i SiiuiHJM'ct eqiiivHleiil i.f No. 1 o( Hie Bi-ividere fterli.ii,) 



10—15 Siiiiiiitr t'>N<>. 3 litlioliiviually. lint ((raduatiiiK Iwiow Into Hie 
^diirk r.lmlo(.( Ni.. fi, __^___ 

' L<>w«r twivtliirdii nf east face af "Blue Cut," Dark Hlale- 

mlKrwinr bliilHli-blHrkHhaleN wltliliaTiilNiif Hli<>1l-C(>iii(l<iuierHte. 
Ilic Hlinle diiitainitiit. in tlm liiirer part miMt alumdanlly; 
Vul'i-iiaeriii .■r.nwi, TurritrUn mnranrhli. var.. helriihrri, Car- 

..- <i.L iliiim. knniia»en»e. LeplOKiilFn btlrlilervi. .' *■ ■ ■ • 

-'■■"'■"' '- -"— ■— ("-fnWnnfun, "■' ~ 

tlTfii fraiikhn 

.^caniuiial Er" 

J layers o[ Hhelt-ratiKlinnHr 

Most characteristic of No. S are several am nil formn of 
Ori/pli(e'i miiging from an inch to an inch and a half in hight. 
One of tlie commonest of these, save for "the characteristic sulcus 
seen itn the i>OBtorioi' sluiw, iK'ars striking: rCHeini)lance to the 
Jurassic 6'. nniKilii (hirurni). This feature. Iiowever, belongs 
especially t<J fl. pMnri. Such a combination <)f characters in 
one variety perhaps poiuts to the origin of the latter species from 

'Tlie interior realiiri'sor thl:< vi-ry c-otnmon slioll an- cili-ii'uml hi tliu 
spccimiriis thus fur I'oUi'i'f'd. I'nif. .Miircoii iliiiik.i II uii Anlnrtc. 
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a small )£ryphiean, the Americun analogue of the former. An- 
other promiDent variety haa the beak much lesa produced and the 
umbonal slope radiately grooved or striated. 

No. 5 yields also a species of Polyzoan and vertebne of a 
plesiosaurid. 

The Grypha:a of the lower part of No. 2 of this section are of 
remarkable size, ranging from three to four inches in hight, and, 
at a locality nearly a mile east of the Blue Cut, c^iually lai^ ones 
o<!cur at the same horizon. One of the latter reaches a hight of 
four and three-eighths inches ; it is of the typical triangular form. 

Xos. 4 and 6 of the Bolvidere section, followe«l up the Medi- 
cine Ijodge river and Otter creek, can be traced to within al>out a. 
furlong of the Blue Cut,* where they pass beneath the level of 
the Otter creek valley, the horizon of the sandstone probably pass- 
ing under the Blue Cut at a depth of between thirty and forty 
feet below the floor of the cut. 

On the north slope of a ravine which skirts the Blue Cut mound, 
and hut a few i-wls distant from the latter, occur, in yellow Mhales, 
lamihte of yellowish grey sandstone, or arenaceous limestone, con- 
taining numerous small, rostrate, entire-margined bivalves of un- 
determined genus, with occasional specimens of Oiirdi'inn 1,-iin- 
tntrnte, Cyprimeria i-rtiuii, and a rather large species of IhoittU' 
mim. Of these forms, the first characterizes No. i ; the three 
latter, No. 3 of the Belvidcre Section. In its Hthology and in the 
state of presen-ation of its fossils, this horizon resembles No. 2 
of the Belvidere Section. It probably represents a passive-hori- 
zon between Nos. 3 and 'J of the Belvidere Section. It has not 
been dete<'ted in the Bine Cut Mound section proper, where, if 
present, it is probaldy to be found in No. 4, the fossils of which 
are still unexamined. 

The above-mentioned (contact of the Dakota upon the Neocom- 
ian is shown in the following solution of the bluffs near the head 
of ^^'est Bear creek in Clark county : 

Tlin "llliioC'nt" Isoa ihelinoof Ui« C. K. * \V. Railway, a few 
miles S. S. \V. of JtcivldiTP. The Bplvldpro Spclioii Includes a raviiio 
anil a bill at tlio Ui\i of tho iinnie. half a mile to a mile nearlv 'tiif stiiitU 

of lll'lvilllTi'. 
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UPPER WEST BEAR CREEK SECTKIN. 



riiary calc&reims coiiRlnnipraM. 

t» yellowiHlL Ihiktita miiiiistone. coiitalnlnK- 

iiutol dicoiyledinioiis leaves. 

al aiid obiiqua 



.-» compact fttici niaasivo 
|pdii«i>f ol»y4nmm*me concretions. Fragment of U^itcheri 

ilheonly traccsot tOHnilH. 



r brovrnUli nlinle (the npperSOoi 

,„„ , ^_ — olive gray aiid the loner part blue, 

bnt tlie blue ciilor iiflen prevailinK nearly or Quite to the uppoF 
-'" — '"' Mtlende onutalii Mid Ihiu ulatea of areni — " " 

ione In which (chiefly in tfie npperntrti 

.serienl ocaa Oryfhwa ptlc/ierf, Oruphma rmUuiaTh 



limit), will) Mtlenile MTHtala ftnd Ihiu ulatea ot arensoeiHiii 
Hiialy limenone In which (chiefly in the npperpnrtot the 
serienl occur Ormhra pitcheri, Uryphma rr-*— '— '- ' — 
ifriganiit tmoniU Ottrea franliUnt, PAala^iU] 
, IVarrllam billaiuim. V. liiiR»a*en*K IiUmenrca ._.„„.„., _„„ 

1 Kpecim of J»nm/n, innoeramiw, UvpTlmeria. etc,, uio obscure 

I for specific idrntificatiiiii. 

I have not been able lo separate No. 4 of this section into dis- 
tinet palEBontologic horizons. Here, as elsewhere, the lowest and 
darkest portion of the dark horizon is void of foasils or nearly so. 

The prevailing pattern of the Gryph<ea pitcheri of this locality 
is different from that of the Belvidere and Bine Cut mound dis- 
tricts. In that of the latter locniitjes the tendency in the 
outline of the larger number of specimens is toward an isosceles 
triangle ; in that of the Bear creek specimens what may be calletl 
the " bowl" of the valve tends to a circular outline, from which 
the umbonal region is prominently produced. Specimens some- 
what approaching this type occur also on the upper part of 
Thompson creek in Kiowa county. Of Gn/plucu vesimhiris, I 
have collected one typical specimen only. This speeimen, from 
near tie top of No. 4 of the West Bear creek section, seems 
specifically identical witli that figured by Prof. Whitfield in 
Monograph IX of Ibe if. 8. Geological Survey ( PI, IV, Fig. 1 ), 
and still more closely agrees with the form illustrutcd in Fig. 1, 
Plat« IV of Marcou's Geology of North America under the name 
Gryphata di/iitat'i, var. tiicumainl. Certain forms of^Giyphaa 
occurring on Bear creek lead me to suspect that it would be possi- 
ble to collect a series of forms connecting p iVr A'- ri with reiii-nlari*. 
The Ottreii frunklini of this locality is chiefly ^of a large and 
thick variety, offering marked contrast to the thin and fri^ile 
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form tbat prevails in Kiowa county. The Bear creek Inner ramat 
is identical with that seen at Belvidere, ami near the Blae Cut 
The alweoce of Turriulln here ( complete, so far aa jret ot>ser>-ed ) 
is noticeaWe, 

On BInff creek, also in Clark county.* we t^^in find the Neo- 
coiniao well developed. Passing down the valley, we first meet 
with it in the bed of the creek not far l>elow the old (Peter Hend- 
erson ) crtMsing ot the Camp Supply trail. It is here overlaid 
with Tertiary- : but at the Thomas ranch, three miles furtlier up 
tlie creek, octurs a limited onterc^ of soft, gray to yellow and 
red ssadstone, which is probably a ledge of the Dakota. The 
outcrop below the Camp Supply trail is largely blanketed l>y the 
sand and gravel of the channel. It consists of slabs of blue 
laminated sandstone, associated with blue and yellow clay mud 
( the latter evidently water-soaketl shale ) and containing obscure 
fossils, among which I have recognized Gn/p7i<ea pitcheri, Tri- 
giinia emoryi, Idonearca vulffarit, Cardium kill'intiin, and obscure 
forms supposed to be Cardium kaniatente, Cgpn'meria, Mactra, 
a radiately riblted Ottrea, and a lai^ areolate*! Polyzoao. Im- 
mediately below Vanhem occurs a letlge of shell-breccia of Oxtrea 
franklin!, Gr. piUkeri, etc. 

Half a mile lower down the creek occurs a forty or fifty foot 
blnff of Neocomian shale (of the usual otive-gray to yellowish 
color in the upper part ), with arenaceous lamina in some of which 
Otirea franklini so abounds as to form a breccia, while others, 
less crowded with fossils, contain this form together with Gr. 
pitcher!, Tr. emoryi. Card, hillanam, Cyp rimer ia, etc. Other 
laminie consist of cone-in-cone having curious, circular, shallow, 
funnel-shaped depressions, concentrically ribbed with reversed im- 
brications. The funnels commonly vary from an inch to four or 
five inctiea across, and are, perhaps, a fourth as deep ; some have 
raised borders of uniform width and are of remarkable symmetry. 
Cone-in-coue is, in general, a common structure in the shales of 
the Kansas Ncoeomian. 

Some three miles below Vanhem the bluffs form a large amphi- 
theatre, the east bluff rising 200 feet alwve the creek-bed with 

•For important fac-ilitles afforded mf by Henry Fares, Esq., of Faros' 
Ranch. In aid of my geologlc-sl rcronnaUsanct' of Clark county, I would 
here make grateful acknowledicmfnt. 
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great abruptness, anil offering, at the southern end, the following 
section : 

BLUFy CREEK SECTION. 



I LAki' Harl slopp. 

< Lonp Fork calcareous co 

Miutodon, Aphelopr. Hippar 

I Neocqmiai 



4_ ,„ ' Soiled itniyish brown wu 
I B-10 nliglit admiitare ot diirk e: 

r \ Ti nn I D"k (oliTe-bcown lo bine-black ) Neocomian slialeg. nearly 
[| I Tfi— 00 barren ot recosulzable fossila, and baaod on tlie TriaHSic Red- 

A portion of No. 4 of the Bluff Creek section, at the lowerend 
of the " amphitheatre," is cut off from the main stratum and 
stands as a rapidly-wasting pinnacle. This, and certain features 
of the outcrop of the stratum in the bluff itself, remind one of the 
Cheyenne Sandstone, and the occurrence of such a stratum bo far 
above the base of the series indicates a partial return tii the 
physico-gec^raphic conditions under which the Cheyenne sand- 
stone was formed. 

At a point a few miles below the '■ amphitheatre" on Bluff 
creek, and about a mile above the entrance of Hacklierry creek, 
the base of the Cretaceous is marked by a shell-bed which has 
close lithological resemblance to No. 5 of the Belvidere section, 
but is more or less colored by material incorporated from the Red- 
beds. The prevailing fossils in this shell-bed are Trigonia emorgi 
and Oitrea diluviann, the stratum being a breccia chiefly of the 
former shell, with an arenaceous matrix, and occasional specimens 
of Exogyra flabeUata, Idoneiircit vulgarU, etc Fifty to seven- 
ty-five feet above this shell-bed and separated from it bv a 
slope, there outcrops a second arenaceous gray shell-rock, 
in which the fossils are very obscure, but whose litho- 
logic resemblance to Belvidere 5 is perfect, and which yields 
the lai^e sigmoid worm-burrow of the latter. Its hori^son 
is apparently close to that of the unfossiliferous stratum 
of earthy sandstone seen in the Bluff creek ■ '■ ampliitlieatrc " ( No. 
4 of section). 
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Tlie uucurrence here of two strata lithologically and palseontol- 
ogically like Belvidere 5, one basal, the otiier median in theseries, 
and tUe associatioD of the latter with a sandstone not unlike the 
Cheyenne, gives Some eolor to the supposition that whatever be 
its pal aeon tologic relation to the upper Jurassic, the Cheyenne 
sandstone should at least lie <x>nBidered ttratigraphicalli/ a mem- 
Iwr of the lower Cretaceous. Indeed, at the point of disappear- 
ance of the Cheyenne stratum near the Blue Cut, may be seen in- 
dications of a change in the character of the stratum, as if it 
were a premonition of a giving place of the sandstone to shale, 
by which latter the sandstone is at other places more or less in- 
vaded. 

Of the county of Comanche, the Neocomian series is best de- 
veloped in the northeastern part, where it resembles that of the 
adjoining part of Kiowa county, both lithologically and in the 
abundance of Cyprimeria crasfi, TurriUlla, and associate fossils 
of the Belvidere Section. The horizon of the small Gryphtea 
combining features of G, pUdieri with those of G. arcuata (No, 5 
Belvidere Section), also appears here between the Cheyenne 
sandstone and the black shale ; but the fossils are oft«n poorly 
preserved, by reason of the excess of sulphur, iron, and gypsum. 
The black hill south of Avilla, which I have crossed, I have never 
found time to examine ; but I have casually observed Gri/phan 
pitcheri, Ottrea /rankUiii, i'l/prim'rut cratsa, etc., as among its 
fossils. The wide separation of this hill from other outcrops, and 
the numerous loose specimens of Gnjphixn scattered about to the 
west and to the northeast of Avilla, taken in connection with the 
outcrops on Elk and Mule creeks, testify to the former existence 
of the Neocomian series over the entire county, and to its subse- 
quent extensive erosion. 

Loose Gri/phica and Exogym also occur in the western parts of 
Harper and Kingman counties. 

It was, tj 11 recently, supposed that the Neocomian formation did 
not occur north of, nor indeed quite to, the Arkansas river. In 
my " Geological Notes on the Region South of the Great Bend 
of the Arkwisas, " ( 5u/. 9, p. 37, Feb. 188!)) I announced the 
discovery of a supposed Comanche outcrop on the west line of 
McPhersou county. This locality has been insufficiently esam- 
■ ined, but is characterized bj- yellow to blue-gray shales with layers 
of Ottrea /runkUni breccia and other stony layers in which Car- 



>y Google 



Jiaploratwns in Alaska. 33 

ccnrs, together with Turrilelfa ttMiiwkti, var. 
belrlderei, and a apecies of Nen'tmii ( apparently- identical with 
that from Belvidere ), and one of DentnUum. With others of 
the normal form, occur frequent specimens of the Tarritella, in 
which the apical region is remarkablj' prxHluccd and attennated. 
Bands of red and yellow oclire occur here. One or two similar 
ontCTope occur in the east part of Ric« county. 

I have used the older name, " Neocomian," in preference to the 
)ater one, "Comanche," throughout in this article l^ecause, as it 
seems to me, there is no member of the American Cretaceous 
which is so clearly referable to a European chronologic equivalent 
as the series of ehalee here passed in review. The name ' ■ Chey- 
enne sandstone," herein applied to Belvidere R, is used merely as 
a temporary convenience. It is quite likely to become, when the 
palteontologic and stratigraphic relations of No. 6 are better 
loiown, a synonym of " Trinity Sandstone," as the latter will 
perhaps become " Potomac ' and that, at length, *' Wealden " 
or "Pnrbeck." 



EXPLORATIONS IN ALASKA. 

fDie ocienDSc expeditton Kent out last spritHT. under tlie joint auiiiiiceK uf tlie 
National GteoBraphiu Society and the United SlateK QeoloKicai Survey, for the 
purpose at eiploriuK tlie rcirioii about Mount 5l. Elian, AlaHkB, has tetumed. Mr. 
Ruaaell. n-ho <irganized tlie exp«ili11on and liad charira i>t tliD itorh, is now in 
Wasliiiigton. Tlie party poiiaisted of Israel C. Russell, ffeolosist; Mark B. Kerc. 
topoeraplier, lioDi members ol tlie (jeolceical Survey: E. F. Hosmer, iceiieral as- 
sistant, and seven ramp haiiiU. liireil al Seattle, Wasii.. ol wlinm J. H. Clirislie 
was foreman. OwIdk to uncertain lipnitli Mi. Hoamer returned home from the 
fiiat camp,] 

All arrangements for camping in an nnknown country were 
completed at Seattle early in June, and on the 17th tlie e.\i)editiou 
sailed for Sitka on the steamer Queen, one of the excursion boats 
plying regularly between Puget sound and South-Alaska. The 
voyage to Sitka furnished an opportunity for seeing the fine gla- 
ciers of Taku inlet and Glacier bay, thus serving as an introduc- 
tion to the still more wonderful icefields about mount St. Elias. 
On arriving at Sitka the members of the expedition were trans- 
ferred at once to the C. S. S. Pinta, under the command of Capt. 
Farenholt, who had pre\nously received instructions from the Sec- 
retary of the Navy to take them to Yakutat bay. 

The Pinta reached the mouth of Yakutat bay on June 25, The 
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bay is a broad, deep iniet exlendiog more than thirty miles inlaDd, 
and it was the plan of the expedition to b^n pork near its head 
on the west shore. The weather being thick, Capt Farenholt did 
not think it advisable to take the vessel up the bay, and the voy- 
age had to be made by means of boats and canoee in a driving 
rain storm. The actual base of operations was reached on Jane 
28, and the studying of the geologj' and get^raphy of the region 
began at once. 

' ' When the storm passed away, " says Mr. Russ^l, ' ' we found 
ourselves on a wild shore, eucambered by icebe^ and at the im- 
mediate base of a majestic mountain range, trending southeast and 
northwest. Along the southern base of the mountoina there is a 
plateau some thirty miles broad, divided by the waters of Yaku- 
tat bay. Our task was to explore and map the country from the 
bay to St. Ellas, and as ftkr beyond as practicable. Excursions 
were begun at once to the neighboring mountains and glaciers, 
and up Vakutat bay as far as the floating ice would allow a 
oauoe to travel. 

"One of these excursiona took us to an island at the head of 
the bay, which we named Grand View island. From its summit, 
which rises boldly a thousand feet above the water, a magmficent 
view was obtained of a vast stretch of enow-clad mountains, from 
which glaciers of great magnitude descended to the sea, and 
ended In cliffs of ice several hundred feet high. From these the 
ifebergs crowding the bay were derived. One of these glaciers we 
named Dalton, the pioneer explorer of the region ; another of 
Ini^cr size at the head of the bay was named Gardner Hubbard, 
from the preeiilent of the National Ge<^raphic Society. A mag- 
niticent mountain peak rising some 10,000 feet immediately above 
the Hubbard glacier received the same name. Another towering 
l>eak on the same mountain crest, triangular in shape, and always 
of purest white, was named mount Seattle, in acknowledgement 
of the faithful services of our camp hands, whose homes are 
mostly in the 'Queen City of the Sound' 

"While glacial and geological studies were being pushed for- 
-ward, Ttlr. Kerr measured a base line with considerable accnracj', 
and began a map of the region. From the ends of the base-line 
sights wei-e taken to several peaks and hill-tops near at hand, the 
angles between the lines of sight and the base-line affording data 
for the determining of other distances. By means of angles of 
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«lGvatioD, their highta could also be calculated. The statioos 
whose position and elevation had thus heen determiDed were made 
the extremities of new base-lines, from which sights to all the 
mountains ia the region could be made, and the bights of the 
highest peaks accurately determined. 

"In addition to the 'dip angles,' the hightsdf the stations oo- 
copied were determined by means of a mercurial barometer. 
To aid in this work a 'base barometer' was read liiree times a 
day during July and August by Rev. Carl J. Hendrickaou, who 
bad charged of a mission at Yakutat From this beginning the 
work of mapping the coantr>- was carried forward until the peaks 
to be seen from onr line of march were located and their bights 
determined. Sketches and photographs were taken from many 
points of view ; these, tc^ther with the triangulation, will fur- 
nish material for an accurate map of the r^on visited. The 
map will embrace upwards of a thousand square miles. 

"As soon as topographic work was well under way a line of 
march towards St Elias was decided upon. All of our rations, 
bedding, tents, etc., had to be carried, or 'packed,' by the men, 
the character of the country not allowing the use of animals. At 
first the trips from camp to camp had to be repeated several times. 
Profiting by espericnce we abandoned everything that was not 
essential, and as our work prt^ressed we found that many things 
fleemed indispensable at first could be left behind. Our line of 
maroh was toward tlie northwest, with the triangular summit of 
St Elias as our guide. Fortune favored us in many ways. We 
found passes in the mountains leading in the direction we wished 
to travel and no insurmountable difiSculties in the way, although 
great patience and judgment were required in treading the net- 
work of crevasses in the ice fields. Probably more than nine- 
tenths of our journey was across glaciers and snow fields. 

' ' On the first of August we were midway between Yakutat bay 
and St Elias, but still at the base of the mountftins. Our camp 
was in the last and highest grove of trees that it was practicable 
to reach. The timber line ia there aboutl|500 feet high, and all 
trees disappear a few miles to the west An island of rock, sur- 
rounded by vast glaciers, but clothed with beautiful flowers, rank 
ferns, and dense spruce trees, furnished a delightful spot for our 
base camp. We named this lovely oasis in the desert of ice 
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'Blossom island.' From there our work in tbe liigh mountaii» 
b^;an. 

' ' On following up Marvin glacier, which flows to the west of 
Blossom island, for about fifteen miles we reached an elevation 
of 4,000 feet and found an easy pass, although filled with glacial 
ice, leading westward across what, from a distance, seemed an 
impassable mountain range. We named this ' Pinnacle pdss ' on 
account of the tapering spires overlooking it West of Pinnacle 
pass wo descended to a glacier tliat has its source far to the north 
of mount Cook, and separates that mountain from the St. Elia» 
range. On crossing this glacier and approaching the mount^s 
wall which rises to the west of it, we again found a pass leading 
toward St Ellas that afforded an easy passage to the Conrad 
glacier, one branch of which rises on the northern slope of the 
great mountain. Following up this branch we at last, after twenty 
days' hard work above the snow line, found ourself encamped at 
the base of St. Kliaa. The weather had l>een clear for ten days 
and we had ever>' prospect of a good day's climb on the morrow, 

"Rising at 3 o'clock in the morning, we began what we be- 
lieved to be the flnal ascent, but, after a few hours, storm clouds 
settled down around us, snow began to fall, and all landmarks 
were lost to view. The storm continued for thirty hours without 
cessation, and it was with difficulty that we foimd our way through 
the blinding snow to a lower camp where the necessary ratjons 
were to be had. A second attempt was made to reach the summit 
two days later, but another enow storm broke over the mountains 
as suddenly as the first. This time I was aloue in the highest 
camp, where I was imprisoned for six days before being able to re- 
join my party below, while Mr. Kerr was similarly isolated at the 
first camp lower down. When I started down there was six feet 
of new snow which refused to harden, and rendered it impossible 
to do more work among the high peaks. 

"On descending to a lower level I started on au excursion up 
the glacier between St. Elias range and mount Cook, which gave 
promise of leading to a low pass across the main range, but a 
third snow storm coming on I was obliged to return to Blossom 
island, and there rejoine<l Mr. Kerr, who had descended a few 
days previous. >Iy stay above the snow line lasted thirtj-flvo 
days. During that time we lived In tents, many times camping 
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on the open glacier so as to be out of the reach of avalanches. 
All our cooking was done by means of small coal oil atoves. 

"After returning to Blossom island, an excursion was made far 
out on the great Piedmont glacier, which forms a plateau about 
1,500 feet high, stretching along the southern base of the St 
Elias range. This glacier is of the continental type in distinction 
from the Alpine glaciers, and has an area by estimate of about 
1,000 square miles. It is the lai^est glacier known in the Nortfa- 
«m hemisphere, with the exception of the iecflelds of Greenland. 

"We returned to Yakutat bay about the 20th of September, 
having bad stormy weather almost all the time since leaving Uie 
vicinity of St Elias. On the 22d of September onr hearts were 
gladdened by seeing the Corwin steaming up the bay. Capt 
C L. Hooper, commander of the Corwin, acting on his own judg- 
ment, and knowing that we would have a hard time if left at 
Yakutat until winter set in, made the cruise from Sitka especially 
for our relief, and conveyed the expe<lition to I'ort Townsend, 
where we arrived on October 2. 

' ' From the point of view of the scientist, if not the Alpinist, 
our expedition was a success. The plan proposed before starting 
was can'ied out almost to the letter so far as tlic study of glaciers, 
geolc^y, and topt^raphy was cont^med, but we <lid not reach the 
top of mount St Elias. The measurements made have deter- 
mined that all the mountains in this region are lower than was 
previously supposed, and that St Elias, instead of being the 
highest point in North America, is in reality a second-rate moun- 
tain. Its elevation, instead of being 19,500 feet, as previously 
considered, is about 15,000. Mount Cook has an elevation of 
12.000, and Vancouver 9,400. Many other peaks in the same 
region ore as elevated as Cook and Vancouver, but St Elias is 
higher than any of its immediate neighborsi St. Elias is not 
an ancient volcano, as its form might suggest and has been re- 
ported by sea captains, who state that they have seen it in erup- 
tion, but is formed of sedimentar}- nx-ks. The great pyramid 
is really the end of a roof-like ridge in which the rocks dip 
northeast. Ifa form is typical of a large number of lesser moun- 
tains in the same region. 

-'The more important glaciers and mountains in the region 
«zplored were named principally in remembrance of distinguished 
American geol<^iets who are no longer living. One grand moun- 
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t(UD, some thirty miles nortfaenst of St Elias, and apparently only 
second to it in bight, was named in honor of Sir William Lc^an, 
formerly director of the geolc^ical survey of Canada. Several 
lofty apires, to the east of Mt Logan, were named aft«F the 
vessels of the Navy and the Revenue Marine that have become cel- 
ebrated for their voyages in Behring sea and the. Arctic ocean. 

' ' The results of the expedition will be presented to the NatJonal 
Geographic Society, and, as soon after as practicable, will be 
published bj' the society in the Xational Geographic Magazine." 



PRELIMINARY NOTES ON THE GEOLOGY OF 
CENTRAL NEBRASKA. 

FftAKCiB W. Russell, Lincoln. 

It was the writer's pleasure in 1888, to make a trip to the head 
wat«rs of the Middle and North Loup rivers in Nebraska. Much 
of the country adjacent to tlieae rivers being geolf^ical lerra in- 
cognita, it was with no little feeling of animation that the investi- 
gation was begun. Previous, careful explorations along these 
streams had distinctly located the - ' T^oup Fork beils, " but it scents 
that study has not been directed to any later formations that 
might possibly exist 

The researches of Cope, Marsh and Leidy have shown that the 
Tertiarj' lakes in Nebniska were fre<|uente<l by great herds of 
mammals, that gave a truly oriental asi)cct to tlie region. The 
existence of Mioci-iie or Pliocene strata along these streams is a 
well establislied fsiet. Let us consider wlmt may be the age of 
certain later beds i^ they arc found in Sherman county, Nebraska. 
The Bolntioii of the problem in tliis county will ser\e as a key for 
the entire state. 

The beds here lie along the Sliddlc Loup river. In the first 
place a great similarity of appearance will be noted. Over a 
lai^e area there is great homogeneity in composition. By virtue of 
the markoil resemlilancc in appearani-e these beils miglit appropri- 
ately be called Locasian or Ijoess-like. At sight one can hardly 
distinguish between them and the typical Loess of eastern Neliraska, 
Chemical aniilysia, however, beaker olutriation and the iise of th© 
microscope iweal scune important differences. 

The deposit itself is bufflsh varjing to drnhbish. Occasionally 
there will l>e a small area having a yellowish cast The appear- 
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CI I 
ance of the hilU is another criterion for distJnguiBhiog Uiese beds. 
The bluffs are more angular tfaan vbere there is a preponderani'^' 
of sand. The contours are more pronounced and greater. Verti- 
cal and steep scarps will be found. This is not true of sand hillH. 
excepting in a "blow-out" near their summits. This Loess-like 
soil is rich. Its v^etation is characterized by an absence of 
cacti, prickly pears, and soap wcette. The gross is even and not 
in bunches. The valleys are not closed, t. «. , not valloyH of wind 
erosion. Sometimes, and indeed not infrequently, the sides of 
the hills are precipitous and not clothed with grass. The 'same 
cannot be said of sand hills although the v^;etation upon the 
latter may be verj' scanty. No one, I think, will experience any 
difficulty in rec<^iziDg the formation. 

The individual particles, entering into the composition of the 
beds under discussion, are quite uniform in siiw. This uniforniity 
is pronounced in material taken from difTerent localities. In 
general the particles are larger than those given by >lesHi-9. 
Ohamberlin and Salisbury- in tlieJr report upon the T^iess. In 
an examination of some 28.000 particles. I And th<> following 
results: Less than .01-1™, 24,000. Between .014 and .028™. 
about 4,000. A very few were over. 038™. In the sixth an- 
nual report U. S. Gool. Survey at page 270, Messrs. Cliamberltn 
and Salisbury give for Loess, of 150,000 particles, 97^ per ecni. 
under . 005"". It will be seen from the for^>ing that the parti- 
cles from central Nebrasjta range iKTCeptihly higher in size. 

In connection with this mic'iiisrupic examination, ttie fuct was 
noted that much of the material was water worn. The grain.t 
were rounded and smoothed. That much had been removed bv 
attrition was evident. This fact registers another ditTcreiiee Ik'- 
tween this formation and the Loess. 

The chief element entering into the composition is iiuni'tz. 
There are also present hornblende, biotite, micgi. ^lauconite. 
orthoclase. and many grains sUtined witli [Kroxide of iron. In 
addition to these from some horizons volcanic dust is found. 
When the last named element is present it is always in sharp 
angular fragments. It is also isotropic and no diftii -ulty will lie 
encountered in its detection. Kxcepting this volciinii' dust one 
would be impressMi by the refjularity with wliidi the other miii- 
ends are found, even from widely sepai-uti'd loctdities. 

This formation is rich In calcium-cai-lH>unte ; not only is the fsu-- 
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bonate fouixl in' nodules, but it ie dcssemiiiated throughout the 
masfl. A quantity of the soil, freed from any aodules that might 
be therein, treated with hydrochloric acid shows the characteristic 
effervescence. A little barium hydrate makes one sure that the 
gas is CO,. The frequently occurring calcium nodules are gener- 
ally oval, \m^ are^metimes lenticular in shape. As in the Loess 
many of these nodules seem to have been formed by the decay 
of bulb-like roots ; calciuta-carbc^at« nplaeing the matter of ~t 
the root. Indeed, not uncommonly may we observe a specimen 
in which tliere has not been complete change. In such an instance 
part of the* nodule will plainly be calcium-carbonate v^iile the 
other part stiil retains its fibrous chai-acter. 

Calcium-('arlH>nate may be seen in threads or filaments pene- 
trating the gi-ound. (JcuiTally these threads an; nearly vertieal. 
It woiilil Hci'm tliat to this plicnumenon the vertical cleav^e of 
these bods may he nscribi-d. .Vt least this is one factor that must 
be taken into consideration. A cliff once perpendicular manifesU 
a tenden<'y to retain its shiipe. These i»erpondicuiar, or approxi- 
mately pci-{>endicular. lime filaments seem to be the result of two 
<-auses. First the sohibility in water of tlie carlK>nat« of lime. 
Ity water it was distributed throughout the soil following tlie 
capillary tubes. The passage of the calcareous waters in these 
tubes would result in an approximately vertical dejuiBition. This 
accounts partially for the roughness so often seen in the fllamenls 
themselves. In tlic second place the (l«;ay of rootlets and their 
repliicement by lime may be the cause of the filaments that [>cnc- 
trate the soil in a more nearly horizontal direction. Tliese filii- 
ments <letennine cleavage mntdi as mica <loes schistosity. 

The fossils of this formation show a striking similarity' to those 
of the lioess. Indeed, a group of typical Loess fossils place<l 
side liy side with those from the up[>ei' beds of the Loup river 
region, would Ih.' distinguisheil fiitni them with dilHculty. The 
species are iilcnticid. The cliaracU'iistie cR-amy appearance of 
bttuafiilt: Loess fossils is present. Tlie most common forms mv : 
Succi.fi> «mm; S. Unrt,!.! : S. vreiU!; ZimlUs Umaliihtt : 
HdlxMnuleUa; Pup'i Uaixli : Votloniu piilrMla ; ll'-l!r,»llm-m 
Unfalim: Htliruia (irmlla ; Curi/i-hiiim rxi'giium. From tiiesc it 
will lie seen that it is impossililc to draw ii sharp line of deniiirka- 
tion between tlic formation under discusniou and typical Loess, on 
a liiiHJs of iKiIeon to logical eviilcncc. 
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On tlie BuiliDgton and Missouri railroa<l in a cut some six miles 
«a8t from Loup City, there is prool tliat there is nonconformity be- 
tween certain of these beds that we are studying. At the base 
of the cut tliere is a stratum of red clay. This stratum contains 
a few small pebbles differing from the eountr}- rock. Immediately 
capping the clay there is n forest bed alKtut 14 inches in thicknewt. 
The soil of this forest bed is a dark arenaceous loam. Heatttd in 
a porcelain crucible tlie dork loam l>ocomes drabbish. There are 
no foesils in these l()wer strata. The forest bed rests unconform- 
ably upon the clay. Between the forest bed and the superim- 
posed liOess-like formation there is marked unconformity. At 
the verj' base of this last formation are found the common and 
cbarai-teristic fossils before mentioned. A iliagrammatic cross- 
acotion would exhibit iilwut this result. 



C 
■/■ 



Fi... 1. 

This noneonformity clearlj' shows that eniBioii was in aitum after 
the deposition of eacli stratum. The crtHied sui-faces of the red 
clay 8ni>port the toKsX bed. Upon the latter, tinally. <iime this 
Loess-like material. As already noticeil then' ia altscncc of life 
in strata 1 and 2, and presence of life in stratum 3. 

On tlie Middle Loup river, near Ba'lus, in Howard county, the 
same nonconformity is aguin found. In this out*'rop the forest 
lie<t is wanting and llic blutT or Loess-like formation reposes di- 
rectly upon and unconfonnably with the i:\a\. In tlie clay stratuiu 
of the Bielus section there are many small [x-bliles, principally 
(juartzite, cliert, diorite and diabase. As in the preceding .section, 
the clay stratum is nonfossiliferoiis. hi the upper or Loess-like 
formation the <'ominou and previously named siKHies occur in 
abundance. 

The clais have much tlie api)eai':ince iif glacial clays. The eii- 
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closed pebbles are clearly of a foreign character. I have examined 
the ground all the way from the place of deposition to the head 
of tbe riven and I find no trace of these rocks tn titu. This is 
upon the Middle Loup. Up<m the North Loup there is more 
gravel than upon the Middle. Eight miles north of Ord at the 
month of Gravel creek there is a heavy deposit of gravel and 
sand. This deposit is quite extensive and has a maximum thick- 
ness of 20 to 35 feet. Chert and silicifled wood are very abun^ 
danL At Almeria upon the North Loup there is an important 
gravel deposit. Its extent and thickness are less than the one 
previously mentione<l. In all these gravels of Valley and Sher- 
man countjcs, there is a resemblance. The mineral species arc^ 
nearly the some. 

Two questions at once arise. Are these gravels and clays 
synchronous ? What is the age of the deposits 1 As yet I sec no 
clear answer. It is a favorable circumstance that these beds are 
<|uite general in extent. Undoubtedly some place will be found 
where a correlation can be made. As to the age the conviction i» 
firm in the writer's mind that future investigation will enable 
them to be checked witii horizons of known age. These are tlie 
lines that future study must follow. 

Passing from Slierman into Grecly county another uuconfonnity 
is observed. The strata liere are not the clays, gravels, and Loess- 
like material as in tlie prcceiJing instance. They arc on tlie c<m- 
trarj' strata of unquestioned Tertiary age and tlie Loess-like formn- 
tion. This particular unconformity is well worthy a careful 
study. Upon the western Imnk of the Nortli Loup river and 
near the town of Scotia there is an outcrop of white, chalky lime- 
stone. In places this limestone is almost pure cidciuin-c«rbonat«. 
Again it cctntains impurities, as silica and miigneaia ; the mug- 
nesian ingredient manifesting itself as dolomite. Chert indicates 
the presence of silica. Tlte entire outci-i)p has a thickness of 
some 80 feet The eastern face of the scarp is washeil by the 
North Loup river. Above and back the limestone is covcro<l liy 
the Loess-like formtitiou. 

The fosfils from the chalk-blulfs are not abundnnt. However, 
P/anorbii, I'hi/m. L!inii<ra and Vicip'inu were gcnorically 
dptenmne<l. Aside fn>m these wveral small Lami/liliriiiir/t* were 
found, biit tiipii- ideiiliticjition wiia impossible. The PlaunrhU 
occurs in such numbers a% to render many of the broken faces of 
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the stone pitted from caete. Many diatoms occur, tbe most com- 
mon being Navieula tpheerotphora, Cymbella lanceolata, C. ciiltUa, 
Epitheniia gibba, Eneyoiieme gracile. In the eupenmposed 
Iioesfr-like formation will be found Sureima, Papa, Helix, etc. 

As one approaches the base of the chalk formation a decrease 
in the abundaacc of foeaila is noted. At the same time the rock 
becomes more heavily bedded. The increase of silica and mag- 
nesia is at once apparent Near the top of the outerop the rock 
becomes verj' chalky and shaly. Fragments of the stone are en- 
closed in the Buperincumbent material like boulders in the glacial 
clay. 

Owing to the favors of the Bnrlington and Missouri railroad I was 
permitted to visit a similar exposure at Seneca, in Hooker county. 
Indeed, I may saj' that owing to these favors I have been enabled to 
make a much more satisfactory study of this region than would 
otherwise have been the case. The outcrop at Seneca presents no 
point of difference from the outcrop at Scotia. Near the top of 
the Seneca Tertiary limestone, I found the well presen'eil femur, 
tibia and some vertebne of Equu* excehut. Also a tooth showing 
B resemblani.'es to Fructmnelas. 




Thetw' limestone outcr<)p3 aecm f > Ik? Tertiary biittes, criterin by 
which we arc enabled to mensurt' the amount of erosion in this 
region. Standing as huge pinnacles, from them we can conceive the 
amount of remove<l Tertiary' material. They are valuable leaves in 
the geologj' of Nebrnslia. Tiie Imttcs conclusively prove that sulv 
sequent to the deposition of the beds of wliich they are tiic rem- 
nants there wim a long pcrioii of erosion. Finally iii>on the worn 
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and jagged surfaces the bluff or Loeas-like fonnatjon was laid 
down. These buttea lelt more than the amount of erosion to 
trhicii the land has been subjected. They roister the volume of 
material removed by the rivers. 

We shall expect to find pronounced unconformity between this 
Tertiary limestone and the superincumbent formation. We shall 
not be disappointed. The foregoing diagrammatic section, fig. 2, 
will aid in presenting this nonsequenee of deposition. 

Ab before stated the conclusion is evident that aubaequent to 
the deposition of this Tertiary material there was pronounced 
erosion. During this time much was removed from the exposed 
anrfaces. At a later time unconformably upon this the bluff or 
Loess-like formation was laid down. To mark this great erosion 
only isolated buttcs remain. But these are enough. They con- 
vey more strongly timn words the record of geologic history in 
Nebraska. In conclusion I may say that hero is a fertile field for 
investigation. The limestone buttcs afford a good datum plane. 
AVhat then is tlie age of the later material ? 

Gfilogical Lahiiriilori), University of Netinitkn. 



GEOLOGICAL TESTS APPLIED TO ARCHitOLOGl- 
CAL RELICS. 

Stefurn D. Pert. Mendoii. 111. 
At the last meeting of the A. A. A. S. held at Indianapolis, 
•a paper on the subject of " Paleolithica " was road by Mr. W. H. 
Holmes, and afterwards discussed by different members of sec- 
tion "11." This discussion seems to have excited considerable 
attention, and the daily papers commented upon it in their way. 
They give the idea that the distinction between " paleollthics " 
and " neolithics " lias been abandone<l. It may be well to state 
that so far as certain areiiaK>l<^ists in America are conccnied, 
this position which Mr. Holmes lias taken, and which seems to 
have so surprised the public, is by no means a new one, thougli 
it has been maintained with considerable modesty, being an open 
question. While we acknowledge that there was a classiflcation 
of the relics among the French archteologists which would put so 
called "palcolitliic" relics in one chiss, and the " neolithics * in 
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another, yet on comparing the two it seemed to be impossible to 
draw the dividing line. We always found that whenever llie inquiry 
was presaed, and the archeeologists of that school were asked to 
give na testa by which we could classify the relics, we were re- 
ferred to the " general appearance ' and no definite test was given, 
Ihe patina on the paleolithics was, to be sure, at times pointed 
out, especially if there was a black look to the patina, as thta was 
supposed to be a sure indication of age, but the shapes were never 
deflnitely described ; in fact the shape of the paleolithics, so 
called, especially those from France, could always be duplicnted 
from the neolithics in America, the chellcen axes having their 
counterparts in the Tennessee relics, and the mousteriea scrapers 
and spear-points finding their correlatives in the relics taken from 
the ash-pits of the Sladisonville cemetery in Ohio, the aolutreen, 
leaf-shaped implements having their correlatives in relics picked 
up on the shores of the lakes of Wisconsin, and the banks of the 
rivers in all parts of the countrv', and the modelenien harpoons 
having their correlatives among the implements so common in the 
northwest coast This marked resemblance between the relics of 
the two continents might be explained, and was hypotbettcallj- 
expl^ned, by the supposition of a rise and decline in the stone 
age, but this was not satisfactorj'. The later Indians were reidiv 
in the paleolithic stage, and the earlier moutid-buUders in the 
neolithic. At length the subject had beM)nie so embarassing that 
there was a necessity in the case. This necossity was met bv 
abandoning the point. The distinction between the paleolithics 
and the neolithics cannot be drawn by any hani and fast line. 
We have not, at least, in America, the marks of age in the r«lics 
which will enable us to class the two separately. We are in 
reality thrown over into the province of geol<^- ; if we are to 
ascertain what relics belong to the paleolithic and what to tiie 
neolithic we must first <letermine their geological horizon, this 
being the only criterion by which we can yet judge of their age. 
This is the position which the writer has held for a long time. 
The only question which he would now ask of tite geolc^ists aside 
from those pointa which they are best qualifier! to speak about, is 
this ; Are we always sure that a relic which seemed to have been 
chipped by human hands is in reality a paleolithic relic, even if 
it is in the so-called paleolithic horiajn ? May not these apparent 
chippings be the result of accidental fractures, coming from 
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natural causes ? Here we call upoo the mineralogiate to decide 
what material will be moet likely to receive accidental fractures of 
a conchoidal shape which will resemble artificial chippings. The 
quartz relics foaad at Little Falls, in MinDesota, have never satis- 
fied certain archeeolt^sta ; they were not sufficiently marked in 
their artificial qualities to be selected as typical specimens. The 
argillaceooB relics are not altogether satisfactory, as tiiere is snch 
a great variety in their shapes. Many of the chert specimens 
seem so extremely rude that it is a question whether they are 
artificial or not 

We would not, however, confine the subject to tiie fracture 
relics. According to some neolithic specimens of an advanced 
type are found, ante-dating, geol(^cally speaking, all the paleo- 
lithic specimens. Statuettes, Jinithed in the round, such as the 
nampa image, being foand beneath the lava beds, and various 
steatite ollaa, or mortara, in the auriferous gravels, ete. Under 
the circnmstances would it not be well for the geologists to look 
for water-worn neolithic azea and hammers, with ground edges, 
and grooves, in the loess and in the moraine gravels 7 We do not 
aay that such flnde are likely to occur, but since the barriers have 
given way between the two classes, we would like to cover the 
whole field, and not reject a relic which seems to belong to the 
polished stone age, even if it should appear in unnatural sur- 
roundings. It may be a thankless task, for every relic of this 
kind has been challenged. Doubte will linger for many years to 
come. The problem of man's advent upon the stage is one 
wliich geologists and naturalists must help to solve, for archseolo- 
gista are inclined to admit that their science when unaided by 
other departments, will not at present furnish the tests by which 
we may determine the age of a relic. We are inclined to say the 
same thing also in reference to what might be called "there- 
mains," especially human crania. This is an unsettled, unsolved 
problem. The shape of a skull may to some minds be a proof 
of its age, but to other minds it Is no criterion at all. For this, 
too, we are dependent upon the geologists to settle the question 
of age. The horizon which tiie geologists may recognize is the 
main test 
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A LOCAL DEPOSIT OF CHESTER SANDSTONE. 

By J. M. NicELu. SpartK, UL 

Chester, lllinoiB, is the locality of the typical exposure of tlie 
Chester group. A sectioD of the bluff from the coart-house to 
the Mississippi river is as follows : 

No. 1. Soil and sandstone, not exposed 73 feet 



3. Green, blue and purple mart, 12 " 

" 4. Limestone, r^ularly bedded, 7 " 

5. Limestone, irregularly bedded, 42 " 

" 6. Green and purple Assile shale and marl with 

thin bands of limestone, 53 '' 

" 7. Limestone with occasional partings of ftre«u 

and blue shale, 82 " 

270 ■• 
Several hundred yards northwest of the court-house occurs a 
local deposit about twelve feet in thickness in the bluff, of soft, 
jellowiah homogeneous stratdfled sandstone, overlying conformably 
the lowest limestone of the preceding section. The deposit covers, 
perhaps, three acres. Its extent may be greater, but no evidence 
was found to warrant assigning it a larger area. The rock has 
been opened for about one hundred feet in longitudinal extent and 
is quarried for doorsiUs, window caps, and similar purposes, work- 
ing very easily. Northwest of the stuidstone is a ravine intersects 
ing the bluff, at whose bottom is a small stream flowing into the 
Hississippi river. The other side of the ravine shows no evidence 
of the sandstone deposit, though the sandstone may be there 
covered up by drift and soil. On the south side of the ravine the 
sandstone may be traced for a short distance up the ravine, and 
then disappears under the drift 

Prof. A. H. Worthen, in the Geology of Illinois, vol. i, p. 
285, comments on this sandstone, instancing it as an example of 
the variability of the Chester beds. After giving a section of 
the bluff, similar to that above, but differing in the thickness as- 
signed to some of the beds, he states that the bed of green and 
blue shales is quite variable in character, especially towards the 
base ; that not more than a hundred yards above the point where 
he made his section, there is a bed of sandstone, replacing the 
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alinle immediately al>ove the lovor limestone. In jiiat what sense he- 
intended the term "replacing" to be understood, I am in doubt 
How did this sandetoQe replace the shale ? They both He con- 
fonnably upon the limestone and apparently pass into one another. 
The line of junction is obscured by debris and overgrowing vege- 
tation. The sandstone is overlaid by blue and green shales — No. (> 
of the section. 

At first glance it might be sup]H>sed that a fault had caused 
one of the lower sandstones of the Chester group to l>e brought 
up beside the shale. But faults, while common enough in the 
Chester group in western Kentucky, are rare in Illinois. Besides 
the underlying limestones can be traced continuously. The sand- 
stones could not have been a slip on an extensive scale of the 
upper sandstone, as the green and blue shale overlying it is part of 
the thick bed of shale ( No. 6 of section ), which, from the abun- 
dance in it of the bryozoan Lgmpora, mxy be termed the Lyro- 
pora beds. The latter fact also forbids the view that the sand- 
stone is of more recent date. Tertiary or later. 

In view of the facts given above, the following explanation is 
su^ested. Where the sandstone now is, shale was deposited just 
as in the territory joining. After some dozen or fifteen feet had 
been deposited, some change occurred in the Chester seas by 
which a swift current scooped out the soft shaly material at tliis 
point Presently the strength of the current diminished and an eddy 
was formed in which fine sand was deposited rapidly. After about 
twelve feet of this had been deposited, there was a I'etum of the 
former conditions and shale was again laid down as before. To 
substantiate this explanation further observations are necessary. 



THE GEOLOGICAL WORK OF MOSSES AND ALG^C. 

By Waltbs Habtbv Wkbd, WaahiuBUw, D. C. 

The part that low vegetable organisms play in providing 
chemical change is of interest to geologists since it often results 
in the formation of deposits Uiat have considerable geological 
Importance. 

The secretion of carbon and of carl>onate of lime by plants and 
by animals is a familiar phenomenon, and constitutes the subject 
of very important chapters in chemical geology ; but while much 
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stress has been laid upon the geological work performed by ani- 
mals, particularly the molluscs and corals, tJie magnitude and im- 
portance of a simillar work performed by the bumble moml>er3 of 
the vegetable kingdom have not been fully appreciat«d. 

It is with the hope of emphasizii:^ the importance or this geo- 
logical work of plants, by alluding to such facts as are already 
known, and describing several new features of the work, that the 
present paper has been prepared. 

So far as knoWti, the mineral -producing plants are all moisture- 
loving or aquatic speciee and belong to the mosses and the algte, the 
only exceptions being a few lime-incrusted species of higher orders. 

According as the mineral matter is abstracted by physiological 
proceaseB, to build up the plant structure, or is a strictly chemical 
depoBit resulting from reactions engendered by the growtii and 
activity of the plants, the deposits may be direct, or indirect in 
their origin. By far the greater number of the deposits now 
known belong to the former class and in this case whether the beds 
are formed of stony masses of plant structures in situ, or result 
from an aggregation of isolated plant forms, it is the chemical 
work performed by the vegetation in the abstraction and segrega- 
tion of mineral matter, to which geological interest attaches. 

Besides the familiar and universal storage of carbon in the tis- 
sues of plants and the beds of peat, lignite and coal formed of 
plant remains, the deposits heretofore known to be produced by 
vegetable life include only the limestones formed by marine algffi, 
certain travertine deposits and the beds of diatomaceons earth 
found in Tertiary and more recent formations. To these we may 
add deposits of silica and sesquioxide of iron, formed both by 
mosses and by algse, siliceous sinter and sulphate of lime. 

It has long been known that certain marine algte, particularly 
the corallines and nullipores, possess the power of secreting the 
carbonate of lime, which they extract from sea water and of which 
they build their cell walls or strengthen their structures. Such 
plants have been recognized as important aids in the formation 
of the limestones and the banks of calcareous sand so character- 
isUc of tropical seas. Agassiz has described limestones found on 
the coasts of Florida that cousiBt esaenttally of tlie remains of 
these stony algie. 

It is now known that certain fresh-water algie and several 
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si>cciee of mosses are also possessed of this power of separatiag 
(^arbouate of lime. The association of mosses and algfe witti de- 
posits of carbonate of lime was uoticed many years ago at several 
European localities, ' and in 1862 Br. Fercl. Cohn described in de- 
tail the manner in which travertine ia formed by the mosses of 
Tivoli and the algse of the hot sprin);^ of Carlsbad, and the ex- 
planation advanced by him is now generally accepted as the pro- 
cess by which the great deposits of travertine found at Tivoli ao<l 
tlic beds of tiiat suttstance that underlie the city of Carlsbad, have 
been formed. 

This process ia explainable on strictly chemical grounds whether 
tiie lime forms an integral part of the plant structure or merely 
encrusts it, or as is sometimes the case, forms a deposit that 
shows no trace of organic structure. The process is a simple one, 
resulting from the well known avidity of plants for carbonic acid 
jjfts. Water plants thus tend to impoverish the water of its carbon 
dioxide, thereby depriving the carbonate of lime which the water 
holds in solution, of its solvent It is not necessary to suppose 
that the plauts always decompose the bicarbonate and take up 
tlic carbonic acid thus liberated, though the fact that the mosses 
growing in waters containing but 0.031 per cent of the CaCO, 
were found covered with a beautiful encrust of lime, while the 
water did not deposit that substance under exceptionally favorable 
I'onditions of evaporation, proves that it really is the action of the 
plants that produces the deposition of the lime. But even in 
waters very highly charged with carbonic acid gas, plants may 
produce a deposition of carbonate of lime since it is well known to 
oliemiats that the amount of bicarbonate of lime that is soluble in 
a water is dependent upon the \'olume of free carbonic acid gas it 
iiolds, which must be largely in excess of tlie amount necessarj' 
to form the bicarbonate, so that'in such waters the withdrawal of 
any of the carbonic acid gas will produce supersnturatiou of the 
solution and consequent deposition of the calcic carbonate ; this is 
actually the case both in the cold waters of tlie Amo at Tivoli and 
the hot waters of the Carlsbad springs. Observations made upon 
the origin of the travertine and calc sinter deposits of the Yellow- 
stone park, show that they have a similiar origin in part at least 
and it is to the algous vegetation of the hot lime-bearing waters 

R. Ludwig. Pogg. Aim. Vol. S7, p. 01. 
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which beautifies the hot spring bowls, chaonels and overflow slope 
with its brilliaut and varied tjnta, that we must credit the forma- 
tion of the unique and beautiful terraces of the Mammoth hot 
springs. Each peculiar tj'pe of algous growth forms its own 
characteristic form of travertine and we have in consequence lam- 
inated, fibrous, thatch-like and other forms of tufa,* 

Deposits of iron are also formed by plant-life. It ia now gen- 
erally admitted that bog iron ores owe their origin to chemico- 
o^auic agencies, the iron being taken into solution by the waters 
through the action of the products of decaying vegetation. The 
final precipitation of the ore is easily accounted for by simple oxi- 
dation on the surface of the bogs or ponds and lakes, on the bot- 
tom of which the ore accumulates, but as a matter of fact it has 
been foand that the ore sometimes consists very largely of the i«- 
mains of diatoms, the iron encrusting the siliceous tests and in 
some cases at least forming part of the sheath itself. The oxygen 
given off by the living plants would be a sufllcient cause of this 
encmatation of iron, since it would oxydize the iron to the inst^u- 
ble seequioxide. It is by this action that Bischof explwos the 
presence of large amounts of iron found in the travertine of 
Nauheim. Not only does the vegetable life of these waters cause 
the separation of carbonate of lime by their absorption of CO, but 
the oxygen which they give off oxydizes the protoxide of iron 
present in the water and causes the formation of a highly ferrugi- 
nous deposit 

A very striking case of ferruginous deposit clearly due to plant 
life was observed by the writer last summer. A spring ot. cold, 
clear and quite acid water highly charged with iron and carbonic 
acid gas, issued from the summit of a mound of what appeared to 
be iron ochre. The bowl on the summit of this mound was filled 
to the brim with the sparkling water and surrounded by a growth 
of velvety dark green moss, a species of Hypnum. Upon exam- 
ining the deposit of iron forming the mound it was found to con- 
sist entirely of the stems of a moss that proved identical with tJiat 
found about the edge of the bowl. Specimeus were obtained 
showing a continuous passage of the living moss at the surface 
into the mineralized stalk below. The mound was several feet 
high and composed entirely of this deposit and an old monad 

•Ninth annast report of the Director U. S. Geo]. Survny. p, (119. 
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near by, whose bowl is now empty and dry, wa^ found to consist 
of the same moss sinter. 

Upon bumin)^ off the oi^anic matter of the green and living 
moos the structure remains, formed of Fe,0„ bo that the iroo 
really forms part of the plant tissue. An analysis of this ma- 
terial made in the U. 8, Geol. Survey Laboratorj- shows it to have 
the following composition : 

SiO, 1.37 

Fe,0, 83.03 

80, 8.35 

Al.O, 0.08 

Water and organic natter 36.M 

Total 96.77 per cent. 

In this case the iron has probably been in solution as ferrous 
sulphate which has been oxidized with the formation of the fen-io 
oxide and sulphuric acid. 

Although the extraction of silica to build up plant tissues is not 
confined to the lower orders of plants, it is only in the algffi and 
mosses that this property is so highly developed oa to form mhi- 
eral deposits. The extraction of silica from sea-water has long 
been recc^nized as one of the peculiar and as yet unexplained 
properties of the microscopic plants called diatoms. The well . 
known and constant association of amorphous silica and organic 
matter cannot be accepted as explaining this secretion of silii^ hy 
diatoms since it is manifestly a result of life or vital agency. It is 
perhaps unnecessary to call attention to the great thickness of the 
beds of nearly pure silica, composed of the remains of diatoms, 
which are found in all parts of the world. The lai^;e8t deposits 
are undoubtedly those in Nevada, described by Mr. Arnold Hague 
in the reports or the 40th Par. Survey as being several hundred feet 
thick.* At the present day diatoms have a widespread distribu- 
tion in both salt and fresh water and are forming siliceous strata 
by the accnmulation of their remains, on the bottom of the ocean 
and also in lakes, ponds and bogs on the land. 

In the geyser basins of the Yellowstone park, tliere are beds 
several feet thick and square miles in extent, which consist of the 
•Reports, 40th Parallel. Vol. If. 
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remiuDB of the same species of diatoms that dow form tliG thick 
ooze of the warm marshes. * 

The separation and secretion of silica from natural waters is, 
however, not confined to the diatoms. The alkaline waters of the 
geysers and hot springs of the Yellowstone park which are highly 
chained with silica, contain a vividly colored algous vegetation 
that produces siliceous sinter, and mosses growing in the cooled 
witters of certain of the springs produce rock-strata also formed 
of silica. 

The separation of the silica by algte \a a very eon\mon phenom- 
enon in the Yellowstone park and inferentially in hot siliceous 
waters elsewhere since the same algse species occur in the hot 
waters of New Zealand, Uie Azores and other localities. The 
algie extract the silica and deposit it as a hydrated jelly, that ia 
sometimes an integral part of the plant tissue, and forma the 
hyaline wall of tlie algte threads, sometimes enemsts the silken 
filaments or more often forms a thick jelly that binds t^^ether the 
matted felt of threads into slimy cushions or into leathery sheets 
that line the cooler springs of 90 degress to 130 degrees F., or 
occur? as a slippery coating upon a hard deposit of sinter, The 
«vtilencet is convincing and conclusive that these growths form 
masses of jelly that harden into and form siticeons sinter. 

Equally strange is the formation of terraces of a buff-colored 
rocic consisting of 90 per cent, silica, by the moss Hypnum adun- 
<-um var. gracilesctm. This moss covers the inner and outer sides 
of a series of terraced bowls at the upper geyser basin of the Yel- 
lowstone park, and it was easy to show that the moss passed di- 
rectij- and in situ into the stone beneath. Indeed the rock itself 
shows at once that it is composed of the silicified (?) or siliceous 
stalks, of this moss. Specimens in the possession of the survey 
show that the silicification of the older portion of the moss stalk 
takes place even while the stems wave loosely and freely about in 
the water. The ohalysis of the siliceous rock thus formed shows a 
very low percentage of organic matter considering its origin, with 
a larger amount of CaSO,, than either the siliceous sinter formed 
by algie, or the true geyserites of the geyser basins. 

"IHaWm bpda wtd diatom marahcH of the Yellowstone National Park, 
br Walter Harvey Weed. Botanical Gazette, Vol. xlv, No. .%. p. 117. 

fNinlh Ann. Report Director U. S. G. S. B'ormatlOD o( Hot Sjig. De- 
posits. Walter Hariey Weed. p. 6.^5. 
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SIO, 89.73 

Al,0, 1.02 ■ 

CaO -.01 

11,0 7.31 

Total 100.09 perc«Dt 

Both the depoaits of silica formed bv mosses and those result- 
ing from algous life ore notably pure, containing less clay tbnii is 
usual in the true geyserite forme<l by evaporation. 

It has long been known tbat certain alge, calleil B^^iatoa, 
are the characteristic inhabitants of sulphur springs, and the 
white slimy maaaes which they form were at first considered to be 
a lifeless organic eubstance precipitated out of the warm waters. 
In studying these algfe it was noticed that they were often a.<»oc- 
iated witli deposits of sulphate of lime and that the minute 
threads were encrusted by sulphur. Cramer and other observers 
proved that the filaments contained granules ol amorphous sul- 
phur. In common with other students he supposed this sulphur 
to be derived from the deposits of sulphate of lime and from the 
soluble sulphates present in the spring waters. Quite recently, 
however, it has been shown by the painstaking and convincing 
experiments of Winogradsky, that these plants actually form de- 
posits of Cai^O, in the following manner. Unlike other algse. the 
B^giatoa subsist upon and are nourished by HjS which the sul- 
phur waters contain in greater or leas quantity. This they de- 
comptose into water luid sulphur, the latter being secreted within 
the algie threads tn amorphouB white granules. These immedi- 
ately crj-stallize upon the death of the plant, but during its life 
are oxydized to H^gO,, which is immediately neutralized by the 
carbonates present in the water and forms sulphates, and if 
CaSOf be present in large qoantit}- it is deposited as g^-psum. 

If the results outlined above are attained in this way (and there 
seems no reason to doubt the careful experiments mentioned), the 
B^giatoa stand alone in the v^etable world. That the sulphur 
is neceftaary to the growth of the plant was proven by the impov- 
erishment of the plant as the sulphur was consumed and its death 
when the supply was exhausted. 

It is believed by the French biologist Parize* that microbes 

•Trouessarl — Mlcrotx's, FerniPnts and Moulds, Iiit<-r. Scl. Series. No. 
56, p. 124. 
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may perform a geological part ia nature by disintegmttng thu 
schistoid rocks, whivh enter into the constitution of arable soil. 

The examples cited and described abow therefore that the pro 
duction of mineral deposits hy plant life is neither a rare nor an 
insignificant phenomenon of chemical geolc^y, and is further 
proof that very important geolc^ical results are often achieved bj- 
the most lowly oiganized forms of life. 



KEVIEAV OF RECEXT GEOI.OGK^AL 
LITERATURE. 

On burrouM and tiiu^ of intvrtrhrnU nniinai» In paleozoU: rtH-lu, nud 
other marMngn. Sm J. W. Dawsos. ((Jii»rt. Jour. Oool. Sor., Nov.. 
1890, vol. ilvl.) 

This paper consists ol <Tillcal notes and rompsrlitoiis, llluHtratcU by 
graphic reprodurtions (from photographs) of scviral of th(> problemat- 
ical markings that &ro familiar to thp geologist under the names at 
Bilobltes, Protlchnltes, Cllmachllclinltos, Scolithus, Arthroplijchiisi, 
etc., and which are very often haatlly grouped under the comprchensivn 
and vague term ■■tucolds." The author has made use of the abundant 
material of this natnre belonging to ihe Peicr-Kedpath niiiiieum at 
Montreal, collected by himoeir at the time of Ihe cnlargpment of ih« 
(irenvllle canal, on the Ottawa river, and added iiince by Lt.-Coi. Orant 
from the vlclnlty-of Hamilton. Ontario. 

The author considers six genera as the burrows and traclts of marine 
animals, probably crustaceans, as lie had pointed out in 1404 (Can. 
Nat n. s. vol. I, pp. 363, ir,H). viz.: Ruskhnltea, Arthrlchaites. Cruzl- 
ana, Cllmachtlchnites, Frmna, and Crossoehorda. The llnit two am 
names substituted rnHpectlvely fur Eusophs-ciis, of Halt, and Arthro- 
phycus, of Harlan. 

Different generic names have boon given to some tracks cliiseiy related 
which the author would apparently rcg'ard as unworthy of g(«neric rank, 
as tbey exhibit a variability that seems dependent on the natun; of tlio 
sea bottom, or on the various modes of progression. They pass into 
Protlchnltes, of Owen, and Into the worn tracks ut the genus Xorcites, 
of Hall. The same trail sometimes passes through the different eliarac- 
ters of Cruzlana, Crossochorda, and Nereites, though Neri'lte* was sup- 
poiied by Hall to be formed by mollu^^cs. He shows by comparisons with 
tracks of modern LImulus, polyphemus that both the Protichniles and 
the Cltmachtlchnltes may have been formed by some of the earlier crus- 
tacpans which had a divided and truncated tali. This would aecount for 
the ridge sometimes dividing the furrows and transverse ridges, and tor 
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ilx chanKtt of imsition from side to sld» of Ifae mesial line, also for tho 
Interrupted ridgns on gbcIi side of the trttil which would be tbe nkturkl 
rogiilts of the siicrpssive strokes of a fl»t organ, Knd lor the appearances 
prpsentrd when the tracks turn abruptly, or when the)' end abrupllf as 
If the animal had suddenly risen from the botU)m. 

He suggests that the rooted bnrrows, resembling the lurnis known un- 
der the name Phftoderma. may have been pruduced by a burrowing 

Srollthus he unhesitatingly ascribes to worm -burrowing, and he gives 
evidence that goes to Indicate that sovoral genera that have been 
created (Monocraterion of Toroll, Pyrophyllltes, and Aaterophycua) are 
to be ascribed to the burrowing of (he same animal or to its trailing 
about the openings of the tubes. 

A new genus (Sabellaritos) Is dcs<-rlbed by the anthor, and to It he 
assigns two species, vh.: S. trentonensis and phosphaticiis. This 
name Is given to tubes' which are composed of fragments of sheila, 
(-uraia, sand, or phosphatic coprolltes. the former from one-tenth to one- 
eighth Inch In diameter and three centimeters or more In lengtli, found 
ill tho Black Elver limestone near Montreal, and the latter In the Hast- 
lu«s group, which he considers now as probably Huronlan, or " prtmor- 
diiil." These tubes he compares with those that are conatruct«d by tbe 
mo<lern genus Terebella which consist of grains of sand and fragments 
of shells attached to a membranous lining. This shows a remarkable 
anti<4Ulty for that method nf life and protection against predatory 
Miiuatic euemtes which Is found tllustratod by the fresh water sheaths 
with wLlch our ponds and streams arc supplied. 

The author draws attention to tho characteristics by which true 
fiieolds may be distinguished from the foregoing, and mentions Butho- 
trcphls gracilis, giving also two Illustrations of 11. grantl. 

Various combinations of animal tracks and rlll-raarks, and even of 
rill-marks alone, have been deserlbed as genera of fncolds. Such an< 
Ih'ndropbycus, Dolesso rites, Vexillum, Arlstophycus, ChloCphycus, 
Tricophycus and Dlctuolltos. . 

KipcrimenUi on the connUtutiaii, df Oui natural »UcaU». V.Wi. Ci.ARke 
iiiuF K. A. ScuKEiDER. (Am. Jour. Scl., Oct., Nov.. Dec, 1890.) Tlie 
authors have made a series of experiments on sK groups of magucsian 
siileates, vli.: olivine, taie, serpciitinc, chlorite, mica and vermlcullte, 
lising In some cases samples from several localities. The test experi- 
ment, after ordinary quantitative analysis, and the puriRcatlon of the 
malerlal. or the determination of ILh inclusions, was the subjection of 
the ground mineral to dry hydrochloric acid gas at a temperature be- 
tween 3)<3° and 413° C. t. e. tictwoen the fusing points of lead Iodide 
und >:lne. The effect was dlifcrcnt on dllTerent minerals. This was 
then compared with tho effect of aqueous hydrochloric acid on the 
»ium<< minerals, sometimes after strong Ignition. It was found that 
Koinetlmcs a species previously soluble c-oiild Im; thus split up Into* 
^inblc atui an insoluble pari. 
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They conclude (1) that the actions of gaseous and aqueous hjdro- 
chloric iK'ida differ widely ; (S) that In this group of minerals the gas- 
eous scid attacks apparently only that part of the magnesium whii-li Is 
present as the univalent groups — Mg — OH ; (3) the cblorltes are not 
l)ydrat4.>d coodUiims of the micas, or micas plus water of crystallization. 

Comis and Coral iHUnuUt. By Janes D. Dana. Third edition, pp. 
440 ; with 16 plates, and many figures in the tent, (New York : Dodd, 
Mead ft Co., 1890.) Eighteen years have elapsed since the first publica- 
tion of this well itnowii popular work, which la based on observations 
made by the author long before, during theorulse of the Wilkes Explor- 
ing Expedition In the years 1838 to 1B4:>. Changes and additions have 
been made In ail parts of the work to bring It up to the present date ; 
and about thirty new pages are Inserted, meeting objections to the sub- 
i>idence thbory of Darwin and Dana. The views of Murray, Ouppy, A. 
Agasslz, Seoiper, and otliern, accounting for coral islands without subsi- 
dence, arc shown lo i>e Improbable. "Darwin's theory, therefore, still 
remains as the theory that accounts for the origin- of atolls and barrier 
Islands, which Is not true of any other that has been proposed. Fring- 
ing reefs and Isolated coral-reef banks may form In shallow water 
within the growing depths of reef-making corals, and on any kind of 
bottom. But atolls, barrier-reets, and coral formations of great thick- 
ness require as a rule, the aid of sluw subsidence, — as has been trne for 
nearly all the thick rock formations over the continents.''. 

The area of the PorlHe ocean-bed which thus appears to have been 
sinking has a length of more than 8,000 miles, with a breadth ot over 
2,500 miles, and In Its central portion the subsidence Is believed to have 
amounted to several thousands of feet. It has been In progress, accord- 
ing (« professor Dana, from sometime In the Tertiary era antil now, 
probably affecting its maiimum area during the glacial period. Correl- 
ative with this downward movement for the tropical Pacific, and per- 
haps for some portions of all the oceanic areas within the tropics, the con- 
tinental lands of North America and nDrthwest«rn Europe, which were 
gtaelaled, experienced an upward movement, as the author concludes, 
of similar amount, producing a colder climate and ice-sheets. 

On Oie Oeoltigu <""! Phunlogiiipliu "/ a portion of northwestern Color- 
<iiUi aiui ndjnceni jxirt* of Utah and Wyoming. By Charles A. Whitk. 
pp. 077-712; plate Ixxxvlll; figures 5T~itt. (Accompanying the ninth 
annual report of the director of the U. S. Geological Survey.) This 
paper, which relates to the district covered by Powell's Qeology of Vie 
Vtnta Mountains (IHT'i), describes the eastern part of the Uinta range, 
cut by the Horseshoe, Red, and Lodore cations ot Oreen River ; the 
nearly related ^'arnpa plateau and other subordinate folds south and 
southeast from tiic east end of the great t'Inta anticlinal : the inceptive 
eastward continuation of this anticlinal, to the base of the White River 
[)iateau, a Spur of tiie Park range of the Roclcy mountain system ; and 
the small upthnisl Junction and Yampa mouulalns. which are Isolated 
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ellipBold Bntlclinals of very steep d[ps and fautlH. rt^pwilvely about 
twelve and seven nttles long, situated east of tUe linla mountains, on 
the low. Inceptive portion of their broad foid. 

The geologic lormationa exposed in the llnta antielinal. sa mad" 
known by Powell, King, Hayiie. Enimon», and White, are tiie linla ' 
Kandatone, l:>,000 to 14,000 feet thlek : Carl>onlferous limestones and 
undstoneg, 3.000 to 4,000 feet: Jura-Trias strata, mostly sandstones. 
S,500 to 5,000 feet ; and the Dakota. Colorado. Montana and Laramio 
iierlcB of the Crotaceons system, aggregating (1.000 or 7.000 feet. Over- 
lying the edges of this mountain mass, and Included with Its uplift In 
succcaalvelr diminishing amount ot tilting, are the Wabsatch, Gn'eii 
River, lirldger, and Brown's Park fre.-di- water Tertiary formations, with 
&fCgregat« raaximum thickness of T,TOO feet. 

Elevation of the great I'lnta fold began, according to Dr. White, at 
the close of the Laramie period, when cplrogeiiic movements linally cut 
off the brackish Laramie sea from all cunnei-tloii with the ocean. Th(> 
folding and uplifting were in progress during the Eocene epochs of th» 
Wahsatch, Oreen River, and Bridger lakes: and were nearly completed 
before the deposition of the Brown's Park beds, which rest iinconrorm- 
ably upon all the other fonoatlons and are probably of Pliocene age. 
The vertical extent of the linta uplift, wcurring thus during Ihc Ter- 
tiary era. Is shown to have been about l'8,800 feet, or five and a half 
miles; but, owing to erosion, the range has probably never greatly ex- 
ceeded Its present hight of 10,000 to 13.000 feet. 

In the small Junction mountain and Yamiia mountain upthrustH. 
the vortical displHcement of each has been nearly 1^,000 feet, and thi^t 
has taken place contemporaneously with the Uinta uplift. Indeed, Dr. 
White flnds. by the extension of his obsen atlons and study eastward 
from the Uintaa to the Park range of the Rocky mountains, that both 
these prominent ranges, their subordinate folds and spurs, and the two 
upthrust mountains, are all "results of one great system of orogerili- 
movements." ,So slow has been the elevation, howevnr. not only of tlin 
Uinta range, but also of the Isolated Junction and Vampa mountains, 
that rivers which traversed their areas when the uplifting began, have 
not been turned out ot their courses, being able to erode and deepen 
their cailons through those mountains as fast as their rise, to total 
hights ot two to Ave miles, progressed. 

NUiuibtan & Lydekket-'it PalteontaUygy: — The second volume of thi* 
great work comes troiB the pen of the latter of the two authors who aru 
associated on the title page. Mr. Lydekker's name lias been familiar 
to the student of vertebrate palsontology for many years past, and nu 
one win dispute his competence for the task. His Introductory chap- 
' ter on the comparative anatomy ot the various classes of the sub-khig- 
dom Vertebra la, forms an excellent summary ot our present vlewsrcgard- 
Ing the relationship of their organs In the light of Evolution. 

Passing over as an unsolved probli^m the origin of the Vertebra t a from 
the InvertJ^brate sub-kingdom the author seWts from the totality ot tlia 
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knimiil orBftoisin those parts which ari.' Important for hia purpose, aod 
concentrates his attention on them. These arp the bones, the teeth, and 
the skin, and appendages if hardened as Is frequently the cAse. It la 
from these, that the paleeonlologlst must study the vertebral life of the 
pvt lor seldom have the soft parts left any Impress or record of their 
existence. 

In dealing with the Ashes, the classification of Prof. Huxley Is pre- 
ferred to others that have been proposed as more in accord with the vy»- 
tems adopted In other classes of Vertebrata. This places the Cycluxto- 
mata b; themselves. These however, being unknown in a fossil stale 
require no notice. 

Dealing with their geological age, the author remarks that iM'Ing the 
lowest of the Vertebrata, their remains would naturally be looked for in 
rocks of very early dale. This expectation Is fultilled. -The earliest 
known fishes in Britain occur in the Lower Ludlow group of the Silur- 
ian. " The PahHupto of Pennsylvania however, from the Onondaga 
group represents an older date, protwbly coCval with the Wcniock, while 
the Onchua pennsylvantcu* of the same state, from the Clinton, i-urro- 
sponds in age with the upper part of the Liandeilo or the '' May-hill " 
sandstone. These indicate a rather greater antiguity for both ganoids 
and olasmobranuhs. 

The elasmobranchs, have lieen a very Important order from early 
times. But as their skeletons are and were almost entirely cartilagin- 
ous we are compelled to depend on the ovldeuee of teeth, spines and der- 
mal scutes for their restoration with the aid of an occasional and untifue 
specimen where an Impression of some parts of the body may have been 
preserved. 

A slngalar (aet in this connection is the frequent occurrence of thin 
beds composed almost entirely of the teeth, bonos and scutes of these 
and other flsb. Such ure the well-known Ludlow bone-bed of Silurian 
age, and the Rhcetle txine-bcd in England, both of which though only 
an inch or two In thickness are remarkably persistent. The Delaware 
bone-bed of Cuniiferous age In Ohio Is another case in point. They are 
apparently beach-lines or wash-deposits and indicate a much greater 
abundance of fisb-IIfe at those era.s than the ichthyic remains found 
elsewhere would lead us to suppose. At the same time t/f. must nut for- 
get that in naming genera and speciee from detached teeth aud spines, 
the paleontologtM -ts often obliged to represent several parts of the same 
animal by distinct names, and the mistake is often mode by those who 
are unfamiliar with his material of supposing that each of thi'se 
names Is intended to connote a separate organism. So far Is this from 
the truth, that the term species has In paleontology In man; cases an 
entirely arbitrary meaning and Implies no belief In any connection such 
a^ is Intended In recent biology. For the progress of science It Is ueti s- 
sory l0 name these fossils, but the palteontologist holds all su< U Jiami s 
at their rqal value and waits till some lucky And shall enable lilm to 
put together two or more as only the separate parts of a lingli being 
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Olio need only takn a glance at the dentltiim ot the Fori Jackson ahark, 
to eee how rcadtly .inch double naming may occur. This remark Is yet 
Inore pertinent in tlie case of fossil botan)'. 

Thus Hr. Lydekker remarks: " It Is probable that some of the dor- 
sal fiD-splnes, orlglnall}' described under the name of Ctenacanthus be- 
long to Orodus (more properly Oreodus). Most of these spines are how- 
ever referable to the alllnd Carboniferous genus Sphenaeanthus. " 

IVi regard to the remarkable fossil Edostus the author accepts Dr. 
Newberry's opinion that "we may regard them as the dorsal spines of 
large cartilaginous fishes ot which the other parts are as yet unknown 
and may suppose that they were used for attack and defence as the 
aplnes of Trygon or of Acanlhurus. '' 

Fossil chlmteroldB are comparatively few and chiefly Menozolc or later 
in dat«, Bhynchodus and Ptyctodns being the most important forms of 
reputedly palsozolc age. 

On tho other hand thaDlpnoans lndicat« an essentially ancient ori- 
gin by their wide distribution over the world of their few remaining 
representatives. 

The groat, bat dlfflciitt order of ganoids, as the term Is here employed, 
tncliidcK nearly all the oldest llshes such as Cephalaspis and Pteraspls 
and those Old Bnd sandstone fossils with which thf writings of Hugh 
Miller have made us all familiar. 

In this connoetlon we may remark that we believe that the sensory 
system has not been found In the shield of the Ceiiliaiatpld/F. though it 
is now known to have existed In the shield of the Ptarupida. There Is 
also some error regarding the locality ot Hoiagpli' but Lankester's paper 
is not at hand to supply the correction. No Pteraspldlan except ScapA- 
atpii is known from undoubted tjllurlan rocks In England so that 
■AitrheniujHe from the passage-beds of Ledbury, and Didvnuuplii of which 
only a single specimen is known, should bo referred to the Devonian. 
Sciii)hn»jHa Is now by maoy considored the ventral shield ot PteraapUi, 
bnt In this case It U not easy to understand why It alone should bo 
found In the Lower Ludlow. Only a very few specimens arc known, 
but possibly more than one species Is Included In them. The Dlplaapla 
of Matthew should have been here mentioned, from the Silurian strata of 
New Brunswick containing a marine tauna resembling that ot the 
English Ludlow. According to Its author's description this species had 
a ventral as well as a dorsal shield. 

Here also belong those gigantic fossils, which have tieen recently 
brought to light from the Black Shale of Ohio, such as Dlnlchthys and 
thcyet hugerTltaolchthys. The order is distributed by the author into 
twenty-six families. It Is needless to add that he adopts In this de- 
partment, the recent work of Mr. A. S. Woodward and Dr. Traquair 
for Croat Britain and of Dr. Newtterry for North America. 

The teleosts are, says our author, In all probability descended from 
the ganoids and occupy In the class a somewhat analogous position to 
that held by thf tj(|iiamata among the reptiles and the Passeres among 
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birds ; all traces of reptlllaD affloities liaviog been lost tu this order. 
The order is treated under a great number of families, onlf a few of 
which are of palteontologlcal Importance. The sllurolds have anggi^sted 
to Prof. Huxley by several points of resemblance a near re[atlonslil|> to 
the ganoids. But a difficulty occurs In the fact that they are not known 
with certainty before the Tertiary era. Of eepecial Interest la tlio 
family of the horse-mackerels (CarongldiB) on account of the excellent 
preservation of Its fossil speclmeD In the Monte Bolca Eocene of north- 
ern Italy, a series of Hmestonas associated with volcaalc material which 
bos yielded to the labors of Agossiz 133 species of dab represented by 
Immense numbers of specimens. Of the flat Bsbes we have almost no 
fossil remains, only two genera, the turbot and sole, being known. 

The iDtroductlon of the teleostean fish Is of very recent date, none of 
them having been found fossil In rocks older than the Cretaceous. Th^-y 
are essentially Tertiary In date, but have advanced so rapidly Id num- 
ber of species and of individuals that they form to-day a very large 
majority of the existing Bshes of the globe. 

The Amphibia are a class of very great interest to the palffiontoIoglHt 
OS they form a transition group between fishes and reptiles. The sui- 
vlral of this class to the present day has enabled the evolutionist to 
bridge over a chasm which would otherwise have existed between these 
groups. Of the whole class, however, only one order, the labyrlntlio- 
donts. Is geologically ancient. Of the Apoda no fossil remains are 
known, while the salamanders, frogs, and loads are only found In later 
Tertiary strata. This leaves an enormous gap in the geological history 
of the class, the latest known labyrlnthodonts being found In the Trios 
and the earliest of the other orders In the Tertiary or possibly and 
doubtfully In the Cretaceous. They are especially characteristic of th« 
latest part of the palswzoic era and of the earlier Mosozolc ages. Prom 
the Carboniferous to the Trios In Europe and North America their rit- 
malns occur, but only a single genus, says Mr. Lydekker, ascends to 
the Lower Jurassic Their remarkable and complicated tooth-structure 
from which the nome is derived characterises the greater part of the 
order, though la a few this feature is wanting. 

In this connection we may note the fact that not a few of the laby- 
rlnthodonts were Srst known by their footprints In double series with a 
small fore and a largo hind track. Chelroftertuni, or rather CheirO' 
sauriM, was the eorilest of these in dote of discovery, but the records of 
this kind drawn from the sandstones of the Conuectlcut valley by the 
labors of the Messrs. Hitchcock, have surpassed all found elsewhere, 
and unmistakably prove an abundance of Ubyrinthodont and other life 
in the Trias. Thousands of these footprints hove been extracted from 
the quarries and tens of thousands more hove been destroyed. 

The gap above alluded to In the history of the Amphibia would lead 
OS to seek the origin of the class of reptiles in the lobyrlnthodonts, for 
nndoubtod members of this group appear as early os the Permian and 
possibly in Carboniferous days. But the ti-etli of true rpptlles never 
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show the complicated enamel lolds that charitc'lerlze the Ubyrlntho- 
donta. Tlicy may be anchylospd to the oul«r side or to the summit of 
the Jaw, or they may bo set In dlstlnnt sockets, and Id m&ny cases they 
arc contlniiously renewed during life. The form of reptilian teeth Is 
simple, being for the most part a flattened cone. 

The change which recent research has brought about In ourkaowlodge 
of this class may be realized from the author's statemeot on page 10S7. 

"As regards the classl 11 cation ol reptiles scarcely any two writers 
agree. There Is little difficulty with existing form s, but when we ^o 
back to the early part of the Mesoiolc era we And that nearly all the 
orders Itito which the class has been divided show such signs of passing 
Into one another that It Is quite Impossible Ui exhibit their relationship 
by any system of linear classification." 

In view of this difficulty the author provisionally adopts, with some 
slight change, the classification proposed by Dr. Baur, now of Worcester, 
Mass.. In which they are divided into ten orders. Of the Srst of these 
the anomodonts (Theromora or more correctly Theroraorpha of Cope). 
He says the evidence shows almost conclusively that its members are 
descended from the labyrlnthodont amphibians and more especially 
from the archegosaurlans. 

The difficulty of classlGcatlun and the Increase of our knowledge of 
the phylogeny of the Rcptllia is in great part due to the rapid progress 
of discovery In this Held. Recent researches, especially In the Jurassic 
strata of the western states have brought to light an immense number 
of forms for which no place could be found in any previous system. 
Many other species are known only from a single bone in some geolog- 
ical museums, and of these several will ultimately perhaps be proved to 
belong to the same animal. 

The shapes assumed by some of these fossil reptiles are most extrava- 
gant. In Dimetrodon the neural spine was according to Cope twenty 
times as long as the centrum and formed an elevated fln, while In 
Naosaurus which is figured by Mr. Lydekker, a similar neural spine 
carries six projecting cross processes on each side. Dtcj/nodon laceni- 
ccp» has the " canine " teeth of a tiger in a skull twenty Inches long, 
while Its near relative Oiid^rtodon (Udenodon) was toothless. The fa- 
miliar PUxlotaivrus had the long neck of a swan combined with the head 
of a lizard and the paddles of a turtle. Tetttida {Cvlo»sochely») atUu 
measured six feet in Icngtb and was probably the largest tortoise that 
ever existed. IdiOiyogaunu was thirty feet long with the head o( a 
crocodile and eye-sockets six Inches In diameter. It was carnivorous 
and Its coprollt«s prove that its food consisted In great part of ganoid 
fishes, while the frequent presence at uninjured young In the bodj- 
cavlty tends to prove that It was viviparous In some species at least. 
This genus, the type and almost the only component of lis family, has 
not been found in America, Hupei'Od'tpcdon bad no teeth but Its Jaws 
were encased In hard horny beaks like those of a falcon, the upper 
being strongly hooked. 
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Tlie author ligures the classic Motatatinui ot Miestrii-hC found In ITSS 
and for nearly a century the only specimen ot the genua. This speci- 
men whir.h had some singular experiences during the war In the "Low 
Countries" Is Inferior In one Important respect toothers which have 
been since found In the Cretaccons of North America, Inasmuch as the 
displaced pterygoid bone conceals the Joint In the ramus of the jaw thai 
is a peculiar feature In the family ot the MmoBaurida, and, according 
to Baiir, In at least two others, the VaranUkB and the BelodermatUUe. 
So complete Is the concealment ot this feature that Its very existence 
was unknown until the American specimens were found. 

Ot the dfnosaurlans the author writes; "They comprise the largest 
land reptiles and while some of them approximate closely to the type ot 
structure obtaining In birds others come so near to the more generalized 
4;rocodlllans that it Is almost Impossible to separate them trom the 
latter." Here belong the long known Iguanodon, the subject ot the 
labors of tiiclate Dr. Ma'itcll; the Hadrotauruii, first descrilied from the 
(.'rejaceous ot North America but since tound In Europe, the only skel- 
eton of which 18 In the museum at Princeton, N. J., Che work ot the late 
Waterhouso Hawkins; the Immense MegnUisaurut and horned Cerato- 
Kditriu, Ceratopg, with beak-Uke skull and one or more pairs of horn-like 
processes resembling those ot cattle; BrorUotlwrlam of North America 
and Europe, estimated at 50 feet In length and 30 tons In weight, and 
lastly the but partially known AtJaniosnunm with a temur more than 
six feet long and probably the largest land animal yet known. 

,\mong the Eeplilla also occur the strange flying Pterodactyles. per- 
haps the earliest animals. Insects excepted, which possessed the power 
of rising into the air. Oeology has not revealed the remains ot any 
true bird of date cofival with them. They were not, however, birds at 
,nll, but flew as bats, by the aid of flaps of the akin carried on the enor- 
mously developed phalanges ot the limbs. "The greater number ot 
the bones were hollow and frequently provided with pneumatic fora- 
mina as those ot birds. The brain was bird-like and the akin waa 
probably naked. The order ranges from the Lias to the Upper Challc. 
In spite ot the many remarkable resemblances In structure to that of 
the carinato birds it Is clear that thcPtorodactylea arc altogether oft the 
line of direct avian descent." In some of these strange animals the 
teeth are totally absent (Pteranodon). In others both Jaws are toothed 
to the extremities. Some were small — only a few inches In length' 
others had a spread ot wings eciualllng twenty-five feet. All have long 
been extinct. 

Iiesving the reptiles for tho birds, we pass over what was once con- 
Mdered, perhaps, the greatest gap in structure in tho whole animal king- 
dom. The transition trom the cold-blooded, creeping reptile to the hot- 
blooded bird Is certainly as great as can well be Imagined. Hut thla gap 
has been so completely filled with tho many forma that palEeontotogy 
has discovered that It has absolutely disappeared and the difBcutty now 
is to distinguish the bird from the reptile. The only evident external 
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mark that romalns Is the presence oF festliers "which are totally un- 
knowD among reptiles. " Even this test however would fall It some of 
the earlier feathered tonus were ranked (as they well might be, this 
single character apart) with reptiles. One o( the most remarkable 
chapters In palieootology and lu the evolution of animal life Is that In 
which Is traced the discovery of the forme Intermediate between those- 
two groups. Scarcely a link Is missing. ATiJi.varpter\p:^ the reptllo 
bird of Solenhofon, led the way, If wo omit some possibly avian foot- 
prints In the Connecticut valley, and was, after a long Interval, followuit 
by the toothed Hosperomls of North America, tlie toothless ^ej>t/ui*ni>r 
of Madagascar, and the ApUryx of New Zealaud. 

Among the carlnate birds to which must of the existing species bolong 
we have also a toothed and a toothless series, the former extinct and 
consisting only of the genus IdUhyomta which the author places bore, 
rejecting the order of OdorttornUhet proposed by Marsh to Include this- 
and He»peromU. 

The toothless division of the carlnates Includes a number of Torms- 
many of which arc almost recent, some having been exterminated by 
the agency of man. None are older than the Cretaceous and by far tlin 
great«r number are only of Tertiary age. They include among others- 
a penguin, the great auk, woodcocks and plovers, bustards, cranes an<f 
rails, turkeys, pheasants, and grouse, quails and pigeons, the Dodo or 
Mauritius, geese and ducks, albatrosses and frigate-birds, vultures, fal- 
cons, and biiz7jtrds, owls, parrnta and cockatoos, kIngBsfacrs, woodpeck- 
ers, swallows, sparrows, crows, etc. 

On the whole the story of the evolution of the hlrd is the most won- 
derful that has been read to us by the palaeontologist and it has been 
well brought up to date by the author. The type specimens are scat- 
tered in the various museums over so large an area, and the literature' 
of the subject is dispersed In the Journals and proceedings of so many 
scientific soitieties, that it has been no light task to collect It as he haa 
here done. 

Of the characters of the Mammalia a few only can be employed in 
palKontology — those for tho most part belonging to the hard parts or 
the body. The double articulation of the cranium with the atlas, tho 
firm union of the rami of the lower Jaw, the absence of a quadrate biine- 
and of a moveable Joint between the proximal and distal tarsal bones 
are the most Important and useful. Tho structure of the teeth is of tho 
Hrst value, both for the Idoiitltlcatlon of fossil forms, aud for the tracing 
of ancestral Hues. As might be expected from the author's longexperl- 
once, and great familiarity with his subject, the work Is well down lo 
date In these respects. All the latest researches on the evolution of tho- 
multltuberi'Utar mammalian tooth from that simpler conical and uni- 
tubercular tooth that characterized the reptilian predecessors and an- 
cestors of the Mammalia arc brought Into service, and it Is easy to per- 
ceive tliat though many gaps still remain, yet the line of the develop- 
ment of these organs is rapidly being traced and filled. These resulta 
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ftre largely Ano to the Ittbors of American paleontologists working on 
the abundant material that the new states of the west have afforded. 

The chasm misting between the mamnials aad the reptiles Is now 
more obvious than that wbl<^h formerly existed between the latter and 
the birds. Bnt Just as the one has been almost Hlled up, so the other Is 
rapidly becoming less profound and abrupt. The few links supplied by 
tbe scanty eiclittlng marsupli^s and monotremes are of Inestimable value, 
while the fact that all the most ancient fossil mammals belong to one 
or other of these groups U intensely significant as Indicating the line of 
descent. 

Only three monotremes are known now to be in existence, the duck- 
bill and two ant-eaters in Australia and In New Quinea, and these the 
author says, cannot be regarded a» ancestral types. It is worthy of re- 
mark that though the monotremes hold the lowest rank among theMam- 
malla, yet the oldest mammalian fossils are placed by all among the mar- 
supials — an Inversion of the order of development probably due to the 
Imperfection ol the record. This Is far from surprising when we look 
at the very scanty nature of the material that we possess regarding these 
early animals and that this little l<( in most caaes limited to a few lower 
Jaws and teeth. No fossil monotremc bos yet been found of earlier 
date than the Upper Triasslc and these are only two detached teeth of 
MIcrnUtU* and one of Triglvplmt {TrUylodon}. The slowness with 
which the early mammalian remains are coming to light Is very remark- 
able. Nearly Bfty years have passed since Prof. Plelnlnger found the 
two teeth and a few small fragments of bone of Microlettet near Stutt- 
gard, and Prof. Eromons met with tlirce Jaws of lyromaUierlum gj/lveMre 
In North Carolina. Yet In all this long Interval no other specimen of 
these has been discovered and only one species has been added to the 
scanty list In a single tooth of TrUylodon. Nature seems to be unwill- 
ing to disclose her first imperfect attempts at producing the Mammalia 
— she hides " her 'prentice ban'. " 

From the Triasslc to the Eocene, over-leaping the Jurassic and Cre- 
taceous systems, we must pass before we find the earth tenanted by any 
higher form of mammalian life than the marspplals. In the Eocene wo 
meet the earliest specimens of the EdcnUUa. or sloths, a peculiar ordi'r 
widely differing from these above thi-m In their Imperfect dentition 
which exhibits some Indications that may be construed to imply degen- 
eration. 

It Is not a little singular that no ^^mal^s of tossU sloths have 
been found in Europe, nor does any animal of this order Inhabit that 
continent at the present day. South America is now, and apparently 
has always been the metropolis of slothdom. There lived the Olyplo- 
dons, huge armadillos six and'elght feet in length; MegaUierium, Sceil- 
dotherium and Mytodon, sloths rivalling the Rhinoceros In hulk and 
capable of pulling down for food, the trees, which they were unable to 

Mostof the frwsil Edentata arc of late Tertiary date— Pliocene or even 
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Plelatocniie — the genera MoivpiM and MtiToO^erium "f Marsli boiiiR re- 
jected from this order and referred to the Ungulats. 

Like the EdCTihita, the cetateans first occur In llir Eouenn biit 
abonnded in later eras. Their exact ancestry Is at present unknown 
though there Is little doubt that they have descended, as Flower has 
stiggested, fi'om Torms resembling the present unguiates. The same 
author infers that they at Hrst inhubtted Tresli-water, in as mueh as 
their remains have not been found In the Crelaceims rocks. Ail are now, 
however, marine. 

The sirenlans aiw ixnir first In the Eocene, and have ever since "been 
steadily dylnx out. " To this result man has contributed by exterrolutit- 
Ing the sea-cow of Itehrlng's Island, about ISO years ago. Only one or 
two skeletons of this remarkable animal are now known In the museums 
of the world. The |>ala»>ntoiogiual importance of the SIrenIa is small. 

The iingulati's an- paliL-ontologleBliy tiie most Important of all the 
mammalian orders. Of the seven suborders, Into which It Is divided, only 
four contain living species. Of the three extinct sulmrders one Ainlil\t' 
poda — contains the huge CoryfilMdon of England, and North America, 
the UiMatkenum of Wyoming, and some other simitar forms. The pal- 
»ontology of one of Its families — the DlmoceraUt — affords a good Illustra- 
tion of the In^mentary condition of the geological record. The author 
quotes the following from Prof. Marsh : 

"The fossil remains of this group have hitherto been found In a 
single Eoei'ne lake-basin In Wyoming, and none are knowu from any 
other part of th'ls country, or of the Old World. These gigantic l>easts 
which nearly equalled the elephant in sUe. roamed in great nuuil>ers 
about the ancient tropical lake In which many of them were entombed. " 

The suborder Condi/lHrt/iro is alsoentlrely extinct and was principally 
Eoceno In age. Its most Interesting member was PI\ienacodus prltiatmi* 
from the I^wer Eocene of North America, an animal which Prof. Cope 
regards as the original type and probably the ancestor of all existing 
ungulates. 

Of the suborder Toxodimtbi all the species are also extinct. They 
were apparently Intermediate between the PerUimOinctaln, Prodosctrffa. ' 
and RodeMUi. 

Two other of the suborders of the ungulates are apparently on Ihe 
verge of extinction, the Hyracoidea which contains only two genera, 
and the PTalmtcidca which now has but two species. These latter — the 
elephants of India and African-alone on earth now represent the group 
which contains the well known fossils Dlnotherlum. Mastodon and 
Mammoth. 

To the two remaining sulxirdcrs — the Ai-UiKhirtylii and the PerhiHo- 
d<ici|/ra— belong the great majority living and extinct of ihls order and 
on them consequently the greatest Interest and attention are concen- 
trated. Itis needless to remark that the subject is treated with a full- 
ness and care which tlie great experience and learning of the autlior 
would lead us to e\|)eci. Space forbids anything like analysis and re- 
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mark upon the Article. On one point alone we will vciiturti to oxpres» 
dissent. Writing of the ancestry of the horse he says ; 

" Considering that a parallel series of generlcftlly ldenti<^al ur i;loik-ly 
allied forms occurs In the Tnrtlaries of bptb Europe ftnd North America, 
it has been BuggcBted in both continents a parallel development of tho 
same genera bas simultaneously taken place, that Is that In both regions 
Aru^Mherium has given rise Ui HlppiiTlon, and Hlpparion or an allied 
form to Equu*. Now seeing that it is evident that In the case of species 
ot aslngle genus the evolution has taken pliu-e In separate lines, that is 
to say, that the cjclsting Indian species ot Cnnifi are probably derived 
from the Pliocene fornis of the game region and the Brazilian a|)ci'[i>H 
of that genus have tlielr predecessors of the Cave-epoch of that coun- 
try, there appears no logical reason for refusing to admit an analogtiuit 
parellel evolution In the case of genera, and there is, accordingly, a con- 
siderable probability that the hypothesis may bo true. Prof. Cope con- 
siders that in one country ProtohifrpiiH and in the otiier Jflppiirion whs 
the Immediate ancestor ot £({»im." 

In regard to this we may be allowed lo remark that If we uudersland 
the hvpotheais aright there Is a very wide difference between the two 
i-aaes. While all the Canlda of one couutry may have been derived 
from the Tertiary CnnUbe of the name region we do not know any case 
in which this proi«ss has resulted In the production of an identical 
species In two places. It seems scarcely credible that conditions should 
In two distant areas be so closely alike as to yield the same outcome. 
The itdralaslon ot this position consequently does not lend any support 
to the other. That two distinct lines of descent through distlncb 
genera should end in producing a single and Intensely specialized spccleH 
on the two continents Is to our mind In the highest degree improbable. 
Moreover, when we consider that communication has been repeatedly 
opened between the continents during the Tertiary era It is not neces- 
sary to maintain a hypothesis that makes so great a demand on faith. 
It seems a mure probable view that after reaching a certain stage of 
development on both continents the race was cutoff on one and llieii 
reintrodnced from the other. 

A tew pages only are devoted to the Rodentia which excepting Cas- 
toroldes, are chiefly small. The Cornivora are well treat«d hi 3.'i pages. 

The lasectlvora and Cheiroptera follow, and the author then reaches 
the primates. It is not a little curious to note that this — the order to 
which man belongs — is ot a date as early as any ot the placental Mam- 
malia, several species ot the platyrhine section occurring In the lower 
Glocene of North America and In the upper Eocene of Europe. Tlio 
Catarhlnes, however, only appear In the Miocene while the iiOmliiidrr 
are, in the author's oplulon. of Pleistocene or very late Pliocene date. 
He considers, and with Justice, thai all evidence of an earlier date for 
man is at least uncertain, if not improbable. 

In conclusion it is refreshing to the classical policoii otologist to see 
the author's efforts lo red ui'e wherever possible the barbarisms wuleh 
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liHvc been Inflicted on the iioinoDclAturo of the acleoire by ignorance 
and reck leanness. In not a tew cmos they have corrected errors in 
spelling and formation by giving the proper term as Xeruupl*, Hynxtso- 
doiiMdir, FlatycuTaK, Hoplosaunw, etc., and they recommend the form 
TTt^rdmorpha Instead of 'Fhemmcrra. Other valnable suggestions In the 
same direction are also made, the adoption of which would much im- 
prove (he literature of palieontology without In most cases any counter- 
vailing disadvantage. 

Of the care and accuracy tliat mark the execution of the work it Is 
impossible to speak too highly. Some evidence of them can be found 
in the fact that in a thorough examination for various purposes we have 
detflcl^^ only a single misprint In all Its 1,500 pages— iIft]/tudiodM tor 
Rhynchodiu (on page 95S). This is, as might be expucted, repeated In 
the index. 

We shall not, at present at least, follow our authors through the 
palawbotanfi^al part of the work where wo miss the master-hands so 
evident in the pal leo zoological. This part Is confessedly only acomplla- 
tlon, but a good one, of our present knowlege of the subject. We leave 
them with a feeling: of gratitude for the great work which they have 
acompllshed and with the hope that they will live to bring out another 
edition which the progress of their soionee will assuredly before long 
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Dr. Fbankms C. Hill, Curator (if Tub Orolooical Musbum at 
I'rinceton College, for some years past, died in the early part of Novem- 
ber. Though not well known to tlie outside world, Dr. Hill was an 
ouThuslastic worker In his department, and the musi^um In his charge 
will long be a witness to his skill In arranging, and his neatness and 
clearness In labeling his specimens. Some years ago Dr. Hill published 
u liamphtet illustrating the plan he had adopted of mounting every 
vertebrate bone so as to show Its natural place in the skeleton. This 
system fives great additional value to the series of fossil Vcrtebrata at 
Princeton. 

Dr. Hill Is also well known to entomologists For many valuable obsor- 
vations and for a set of large drawings (since photographed and. kept 
for sale) of the stag-beetle — LiwiintM cervus, and the ground bt'etle — 
Hnrpalug DitUgiiwwiie, showing full details of their anatomy. 

E. W. CLAYPOI.E. 

PnoF. W. M. Davis os the Iiioquois Bsacr. The critical note, In 
the December issue of the GEOLoaiST, on the Iroquois Beacli by Prof. 
Davis needs no other reply than a calling of attention to his remarkable 



■jGoogle 



Ckirre«}.>m\de>\ee. 69 

confusion of dlfforeni papers, by different ftiilliors, on difterciit subjt^'ts. 
It Is he, not I, who hypothecates that >< a large river ran uut ai laku 
Iroquois to Iho southwest," up an elevation al several hundi'ed feet; 
hciiee his remarks are not germane in my memoirs — "The Iroquois 
Ueach \ a Chapter In the UooloKical History ot Lake Ontario." Trans. 
Roy. Soc. Can. iSHO: or Ihepaiieron '-ThelJpformatiutiof tholroquols 
Ueaeh and Itlrth of Lake Oritailo." Am. -tour. Si-. Vol. xl. Deit. IBIK). 
J. \<. yi'ESCEii. 

Tii£ OBUAMZiNfl CoMMiTi'icic IxT. CoK(i. Gkol. I notiee I have made 
unintentionally a grave error In the report I sent you for the Amkhtca.v 
Oroixhiist, from copying the list of members of the committee from the 
original list instead of as afterwards added to. Please add the names nf 
T. Sterry Hunt, Pcrslfor Frazer and E. D. Cope, and it the article has 
already gone to press, have this letter Inserted as soon as possible with 
my sincere apology for this error, which I have Just noticed In my copy 
of the article sent you. Cordially yours. 

H. .S. W1U.IA11S, 
See, of the OrKauizliig Committee, Int. Cong, Ueol. 

It/uicri, JTi.p. 21. I8»>. 

Thb Vote of tub Burrau Int. Co-vn. of Ukoi., Chanolso thk Hkh- 
HioR Fiu»i P1111.ADRI.FI11A TO WASurN'OTON. All officifti Communication 
from Prof. U. S. WilllaniH, Secretary of the Conimillee on Orttatiizatiou 
of the International Congress of (leulogists in the last number of tills 
Journal calls for a few words of comment. 

It will strike those who know the facts strangely, that in what pur- 
ports t« bo an authentic list ot the members of the committee the names 
ar<' omitted of Just the only three racmbcrM who hitve ]>ersisiently op- 
posed the absorption of the Congress by the L'. S. Uoologli-al Survey, 
and the change ot its place of meeting; viz: IJrs. Hunt, Copi>. uiid 
Frazer. This omission, however, was aci-ldental and has bi'eii satisfac- 
torily apologized fur by the Secretary, both by a eorrectlun 10 appi'ar 
in this number, and by a personal letter to myself. The foliiiwlng |iar- 
agraphs, however, remain open to explanation, viz ; 

" ThIrty-sIx ballots were received ; Of these tlilrty-thirt: u-eir In fuiiir 
of FTaaltinffEon. 

"These reprenctd. the meiitlifni from llrent Itrilain, Krane.e. (icruiany, 
Australia, Austria. Uelgium, Hungary, India, Italy, Portugal. Kou- 
manla, Russia, and the Uniti^d -States. No negative votes were 11^'elveil 
from countries outside of America. 

"The majority of the Bureau as well as a majority of lln' Aiuerii-ati 
Committee, thus cj-prrsslii(f IIipIi- i/riifcrcHvc for Wiiiililityt'iii. il was 
voted to hold the next session of the Jntcrnational Congress of Geolo- 
gists In Washington," etc., etc. 

Ot the English members of the Bureau, l)r, C. LeXeve Foster wrote to 
the undersigned (June 15, 1890); '■ We In Europe must do whatever you 
decide In America," Dr. Barrois of France wrote iJnne I'H, I8I1OI: ■■ IL 
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appears to mo diniciilt to Interfere I ii tlie gnologlcal struggle between 
\V&3hliigton and PhtlBdelphIa, It [s essentially an American afflsiir 
&n<l you do not like old Europe to meddle In your affairs: but you ap- 
pear to me to be largely lu the right." etc., eU:. 

Dr. V. ZIttel, of Germany, tn reference to the ()ue»tion of postjunlug 
till! Congress, takes the following ground: "1 would leave the decision 
of the question to the American organisation i-ommittcp and will agree 
with Its conclusion," etc. etc. 

The late Prof. Neumayr remarked on tlic same subject: " I see no 
objection to make If our American collcagnps think it useful to the ends 
of the Congroas." 

Prof. Hu.vley on the same subject said: "I can only say that T shall 
aciiulesce In the demand of the majority of my colleagues." 

Col. Delgado, of Portugal, writ«s: "In my eorrospondenee with 
Messrs. Hulke and Toploy, Oeneral Secretaries of the Congress of 
Tjondon, while accepting the ehangi' of place of the session of the Con- 
gress from Philadelphia to Washington, I evprossed myself formally to 
the effect that the American geologists are better able than their Euro- 
IM'an colleagues to choose the city where the Congress should be held as 
well as l« fix the time at which It Should take place," etc., ct«'. 

Prof. Vilanova y Plera. of Spain, writes: ■■The protest of yourself, 
Sterry Hunt, and Leidy against the decEslon of the Oeneral Committee 
proposing to hold our future Congress in AVasblngton Instead of Phila- 
delphia, has caused me a disagreeable surprise. * * • Its wish 
|lhe tletieral Committee's] In no wise, but on the contrary the agree- 
ment unanimously arrived at In London, shaft prevail. Please, then, add 
lo your protest that of. Yours, Prof. Vilanova y Plera." 

Prof. Capelllnl, of Italy, writes; • • " ''As for me I have deter- 
mined to hold myself neutral, tor the question cannot be well under- 
utiHid esccpt by Americans." 

Prof. James Hall says: • • • -While originally I could have had 
no objection to going to Washington. I now feel that we have violated 
faith with Philadelphia." 

These arc some of the responses which have been received wlilch are 
far from justifying the portion of the official announcement italicized. 
It is not the province of the writer to explain the dlserepancies between 
tlic views expressed to him by the above members of tiie bureau and 
those re|>or(«d In the official announcement, nor to decide whether 
tluTc he an error on the part of the General Secretaries, Messrs. Hutke 
and Topley, or on the pari of Prof. H. S. Witlianis. 

The undersigned merely says that the statements In Prof. Wllliatns' 
ri'iiorL do not correspond with information obtained dlri>ctly from many 
jKTsims included under them. Pkusifoii FiiA/i^it. 
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PERSONAL AND SCIENTIFIC NEWS. 



In Si'ienck, Due. 5, 1890, Mr. H. M. Ami publishes a letter 
showing that he is not satisfied that tlie ' ' Hudson River " rocks as 
understood by Emmons, can be correlated with the Lorraine 
shall-. He has seen no reason, either stratigrapbical or paleonto- 
If^ical, to warrant it. He intjmates that the term Hudson river, 
being used confusedly, and never fully defined, and apparently 
«mbratiing several faunas that are distinct, might be omitted from 
geol<^oa! nomenclature. At the same time he says there is a 
fauna, represented by species differentfrom the Lorraine, apparently 
in the Levis port of the Quebec formation, which marks a dis- 
tinit paleontological horizon, about on the horizon of the Chazy 
of New York, which could appropriately bear the name Quebec. 
This he is inclined to consider Uie horizon of the Citidel Hill rocks 
at Quebec. 

Dr. Andrew C. L.\wson, i..\te oj- thk Canaihax Geological 
and Natural History' Survey, has accepted a position on the teach- 
ing staff of the University of California, at Berkeley. We wel- 
<'orae Dr. Lawson to the south side of the international boundary, 
and we hope he will conclude to become permanently identified 
with the scientific worlt of the (Jreat Republic. , 

TiiK Alahaha Indi;stiiial anu SciENTiyic fociETv was wga- 
nizwl at the University of Alabama, Thursday, Dec. 11th, 1890, 
with 70 members. Its objects arc the promotion of the industries 
of the state, and the furtherance of scientific investigation of the 
problems arising in civil and mining engineering, geolog;', ameltr 
ing. and the manufacture of coke. 

The officers for 1891 are : Prtxidtat, C. Cadle, Gen'l Manager 
Cnhoba Coal Mining Co, , Blocton ; six Vice PretidenU, viz. ; 
Thomas Seddon, Prest. Sloss Iron and Steel Co., Birmingham; 
C. P. Williamson, Prest. Williamson Iron Co. , Birmingham ; W, 
E, Robertson, City Engineer, Anuiston ; J. W. Burke, Prest 
Tredegar Co. , Jacksonville ; M. C. Wilson, Prof. Natural Science, 
Normal School, Florence ; Col. Horace Harding, U. S, Engineer, 
Tuscaloosa ; Treaiurer, Henry McCalley, Ala. Geol. Survey, 
University Ala.; Seerelnri/, Wm. B. Phillips, Prof. Chem. aud 
Met., University Ala. 

The annual fee is $5.00. The society will meet three or four 
times a year at different places in the state, for the reading and 
discussion of papers, which will afterward be published. The 
next meeting will be held in Birmingham, Jan. 28, 1891. 

The Ekjhtii Voli'mk of the Reports of the i3rmlogica.\ Survey 
of Illinois has been printed, but awaits an appropriation by the 
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Legislature beforo the edition can lie bounij. A amall number of 
copies have been bound and distributed. 

The Second Annual Meetino of tlie Geological Society of 
America was held at Waaliington, Deo, :f9-31. There was a large 
attendance, and numerous papers vere read. The matter which 
was presented was so voluminous that it was necessary to divide 
the meeting into sections which were in session cotemporaneou^Iy. 
It ia impracticable to present here even abstracts of the papers 
read, but as thej* maj' appear in the future publication of tJie 
bulletin of the society they will be further noted. In the absence 
of the president. Prof. J. D. Dana, ami of the lirst iice-presidcnt, 
Prof. J. S. Newberry, both because of illness, the session was 
presided over by Prof. Alexander Winchell, the second vice- 
president The meetings, which were continued forenoon, after- 
noon and evening of each day, were held in the Coliimbian 
University. 

The following was repoi-ted as the result of the elections for 
1891: Fretident, Alexander Winchell, Ann Arbor, Mich.; Firtt 
vice-pretident, (r. K. Gilbert, Washington, D. C. ; Second I'lVe- 
prendeul, T. C. Chamberlin, Madison, Wis.; Secretary, II. L. 
FairchUd, Rochester, N. Y. ; Treasurer, H. S. Williams, Ithaca, 
N. Y. ; Councillori for one year. J. C. Branner, Little Kock, 
Art , Geo. M, Dawson, Ottawa, Out. ; Counrillort fur two y-uri. 
E. W. Cla;i-pole, Akron, 0., C. H. Hitchcock, Hanover, N. H.; 
Councillor* for three i/eart. I. C. White, Morgantown, W, Va. , 
" J. ,T. Stevenson, New York, N. Y.; E'litor, W. J. McGee, 
Washington, D. C. 

Diamonds have bkk.n f<h:no recently in Wisconsin a few miles. 
east of the Mississippi river, in the vicinity of Trempeleau. Tliey 
were known to occur several years ago, but hod not been brought 
to the notice of experts till recently, when tliey have been ap- 
proved by Mr. Geo, F. Kunz, who read a paper on the subject at 
the late meeting of the (ieol<^ical Society of America at Wash- 
ington. They were discovered in washing gravel for gold, and 
seem to have been derived either from an outcrop of ciystallino 
schists, or of a coarse conglomerate, which both occur near th& 
spot 
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REMARKS ON THE GEOLOGY OF THE CONCHO 
COUNTRY, STATE OF TEXAS. 

By Otto Lkrch. H. A.. Pli. D.. Snii Anirelo, Trxu. 

Since a Joiut pu I >li cation liy I'rof. A. T. CnnitninH and myself 
entitied 'A ^reological survey of the (Jondio countiy,"* I have 
studied the be<lH lietwecn the Lower Cretnui<', the Trinity sands of 
Robt. T. Hill, and the I'enniun. wliich ave well exposed a few 
miles west of San Angelo. neni- the center of that section of 
Texas. I am now inelinc<l to think that tliis ^ironp of strata are 
of TriBBsie age, and may l>e a itonttiward contiiiuatioiiundthinnin); 
out of the strata tliree hundi-eil miles northward called Jura- 
Trias bj' Jules Marcoii, the <K-eiirrence of which Ik-Iow tlie "staked 
plains " was announced many years ago by him. 

Great denudation has lahl bare several huiidrc<l feet of strata 
in vertical hight around tbe town of San Angelo. Tlie waters of 
the Concho rivers follow the s<mtheasterly dip <)f the Lower Cro- 
taeie formation and have cut tlin)Ugli tlie ebulky deposits of the 
Comanche series ; their valleys gradually widen and after a com- 
paratively BJiort course of from forty to <'ighty miles, a numlterof 
these rivers and ci-eeks nnit« a few miles west of San Angelo, where 
they out down to sandy and clayey deposits with a nortli-west<'rly 
dip. This unconformity of the Ked beds with the overlying Hili- 
CCOU9 strata below tlie iJJ^erCretacic, and the Red beds offering n 
stronger resistance have caused the waters to spread, and they have 
formed a beautiful and fertile valley from twenty lo thirty railed in 
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widlU wUk'li is still widening towartls tlic east where tiiey liave uh- 
I'o^eiwl the underlying Carljonie rwks. Baek waters Lave cut 
deep channels inUi the I'eti'eatiii); Cretacic, and cs- 
l>eciully praminent of these is the South ConcLo 
river with a length of almnt fortj- mileE. The 
luigei- nnmbev of these rivers and creeks are fed 
by liold springs. Jiove ereek. for instance, breaks 
from the Cn'taeie i-ocks, ii I'eady stream not less 
than twenty feet wide by one and a-half feet in 
depth. The Sonth Concho river and Spring creek 
have their sonrees in a numlier of s[)rings of art^v 
^.i siaii I'haracter, kK-iited in the center of shallow lia- 
=i sins (if consideiidile size. That the <k'cp and wide 
ii.-5 vallejH of the Concho rivers cannot Lave Ivecn 
;«■» formed under the present cliinatic eondltions but 
t have been worn out by greater volumes of water, 
■^ probably the inland sea which once covei'cd the 
^ •• staked plains." has Iteen referre<l to in the paper 
^ mentioned alwve. R. T. Hill's '^Stakwl Plain 
■§, Series " covering the ('retacic of that western section 
I = of Texas, and consisting of lieils of more recent 
~ I origin, seems t<> prove <w)ncKisively the existence of 
1 S. such a sea in postrCretacic times. Huge deposits 
^ I of conglomerate comiMised of material derived from 
"". .^ the adjacent Civtacic strata, accompanying the riv- 
flii J ers and creeks along their course even after tlicir 
.fe'i conllnence below tlie city of Sari Aiigelo for miles, 
t;| and the lower dip of the nnderlyiiig tmd uiljoining 
%p deposits, appearing almost in a liorizontal ]x>sition, 
^ . an<l which never have been dl8tnrl>ed hj- violent 
volcanic eruptions, speak of vast volumes of water 
which have bniken llie liard Lower Cretacic lime- 
stone deposits l<» fragmeiits and have rolled the 
blocks before them, till, on reaching tlie older form- 
ations with their op|x)9itc di|)s anil consequently 
inci-eased resistancse, they have slackened their swift 
<'uri-ent, grinding the material Krier and spending 
their energy in widening their bod. The large fragments of con- 
glomerate of cemented materials of every size, targe blocks aitd 
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small |>eblilos, the immctisc width wf the vallev of the main Ccmcho 
river, the Hoor of which is the deposits of older formations witli 
an opposite dip. the same level of the Lower Crttacie Imttea and 
eatarpmt'iita bounding the valley on either 8i<ie, atul the whole ai>- 
pearani-e of the eountrj' prove eoiichisivelj' that it owes it« toi>o- 
graphy to denudation, and that aerial currents ha<l ri>in[)!iralivelj' 
little to do with its present surfa<K' appearance. Such con^ouie- 
nttes as seen along the rivers of the Concho countr\- often fifty 
f«et high could only have lietm formed through the iniinenso prt-s- 
snre of vast volumes of water in channels with little fall. 



. Fi(i.a. Pr<.nU of Ihe XtirtI, (■■<H<-li-i rh-er. •■, mJlr hhif San Angeh. 
■I Yl'III)w'i'i'iaim"SiIirMi™-stiiii.-. \. Ri>.l'arHl (.'luc .'lay. 

As infiitioned before this enormous ileiiiidiition Ii.ih Inid bare 
tli<' linirst^me deposits, clays an<i aandst^>ne8 of every quality and 
color, ivpi-csenting varions geological ages. Itoginning in tlio 
westom part of Tom Green eounty, the middle Conclio river, 
having its source on the foot of the "stjikcd plains" with an 
easterly course, crosses the ditferent stratii of the Comanche 
iteries, the probable Jura and Trias of Man'on, the Permian of 
Boll, Cope and others, and on reacliing Concho county has un- 
covered the Carbonic rocks. 

Near the top of tlie Permian ux^)osed at Ben Fielin on the bank 
of the Middle Concho river lies a deposit of an ai^llaceous mag- 
nesian limestuue of a j'cilowish color contiiining a numl>er of well 
preserved fossils enumerated in the formerly mcntionetl article, 
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whicU leave no doubt Unit tbese aikI the Btrata below are of Per- 
mian orl^n. 

Above this foBailiferouB limextone v^An a quartz conglomerate' 
about twelve feet thick. The pebbles are well water-worn, of 
small size and bound with u silic-eous and irony cement. The 
conglomerate is stratified, dips towards the northwest under a 
Bteeger angle, however, tlian tlie underlying Permian deposits, 
and is occasionally intemi>ersed with large blocks of green and 
red speckled quaitajte. The conglomerate is very hard, takes an 
excellent polish and is of a yellowish- red crolor. Above it lies a 
series of re<l and yellow coloreil clays and sandstones about one 
hnndreil feet thick, overlaid by lighter buff and whitish colored 
thin beds of loose friable sandstone and clays about fifty feet thick, 
followed unconforrnably by the Trinity sands. I have called this 
complex of strata commencing with the quarts: conglomerate and 
overlaid unconfonnalily bj' the Trinity sand n southward thinning 
out of the Jura and Trias on ac<^uunt of its lithological character 
and stratigraphic position, not having been able to find fossils for 
confirmation. Along the Coloi-ndo river about thirty miles north 
of San Angelo gypsiferoiis strata are exposed above tlie beds de- 
scribed. R. T. Hill, in speaking of the Trinity sands, remarks :* 

" The writer has mode sufficient observations to prove beyond all 
doubt that they are newer than tlie gypsiim-l>earing bode of Texas 
and that there is a stratigraphic nonc-onfonntty between them, as 
seen at Sweetwater mountain, Nolan county, Texas, and at Tu- 

cumoari mountiun In general lithological appearance and 

in occurrence of sauiian remains, these beds Ix^ar striking resem- 
blance to the Atlantosuurus bods of Canyon City, Colorado, and 
Como, Wyoming. " It lias lieen Justly remarked that the strati- 
graphic position of a series of beds even when difilerent in litho- 
logical character from the underlying and overlying deposits alone 
does not prove their age and so long as there are no fossils found 
and described the age of the enumerated strata may not be con- 
sidered conclusively determined. However, this characteristic 
conglomerate indicates a total change in the top<^raphy of this 
section at tho close of the Permian, and doubtless has been formed 
by strong currents along a coast line. The quartz pebbles consti- 
tuting it, though small and well water- worn, still enclose large blocks 
•ArkansttsOcoloKloal siirvny. .\nniial Report, vol. il, 1B8S, p. IL'n, 
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uf qoutzjte, remoaats of the original material from which it has 
been derived. I have trace<l this conglomerate for nearly twwitv 
miles toward the north and its atratigraphic position with tlie beds 
alwve, below tiie Trinitj- sands, and Hill's notice indicate an im- 
mense extension and uniform conditions existing at a time wlien 
probably after a long period of land a new submergence of this 
section of western Texas took place, or rather, frequent though 
slow and gradual oscillations were changing its character from a 
sandy I>each to a muddy sea and again reversing the process of 
submersion and emersion. As these beds are litho logically so 
<iifterent from the strata above and below and as they are uncon- 
formably overliud and underlaid by the lower Cretacic and Per- 
mian 1 feel justified in considering them pre-Cretaeic and post^Per- 
mian, and probably they may lie the continuation and southward 
thinning out of the Jura and Trias, and projiost! for tlicm tlic 
name of the San Angcio bctls. 



RECENT EARTHQUAKES IN NICARAGUA. 

By J. CaAWTOKD, Maiinsua. Nicaractua. 

A number of earthquakes, some of them quite scvei«, wci-c felt 
in and near the city of Granada, Nicaragua, commencing 31st 
ultimo, (Aug. 31st, 1890,) at 10 :30 o'clock a. m., and occurring 
at intenals, of half an hour to three hours until the morning of 
the 3rd instant, then occurring at inten-als of fnun 24 to 36 
hours until the 22d instant 

On the 3d instant, I was rwiucstcil by I)r. Don Itolwrto Sacasa, 
president of the republic of Nicai-agua, to visit the e-.irthquake 
locality and examine and report on the phenomena, depth and 
form of focus, epiccntrum, angle of emet^encc, amount of oscilla- 
tion, direction and velocity of transit, probability of recurrence, 
■etc. The investigation was (wmmenccd in the city of Granada, 
on the afternoon of the 3d instant. The city was nearly depopu- 
lated by the flight of its inlmbitunts, no lives were lost, no pci-soii 
receiveil serious Ijodily injuries, although near that city the hori- 
zontal inclination of the waves from a perpendicular ( IniK the 
angle of oscillation) was about 23°, 17'. A fi-w old adoi)e 
Jiouses with tile r<x»fs were partly destroyed! iiiul many tile roof 
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houses with good abobe walls were cracked and uthemise irijure<1. 
About 400 infantry, mounted and on foot, were patrolling the 
BtreetB and guarding; the property of the absent citizens. None of 
the profesflore in the "Institute Nacional de Oriente," nor in any 
private schools in that city, so far as I was able to leani, had 
made notes of tlie phenomena, nor improvised any seismological 
meters, nor motors, neither noted the secronds of time of occiirreriw 
of any of the waves of force, nor the temperature or atmospheric 
pressure ( two or three doctors of medicine made notes of the 
minute of occurreiice of some of the earthquakes and their pnibable 
direction of tmnsit ). The clocks and watches in that city are not, 
genei-aUy, i-e^lat«d to correspond with any one chi-onometer. 
The foregoing will esplain the frequent use of the word '■ab<iut " 
in place of a definite expression in the foltowin;;. 

The city of Oranada is situated in a Miocene and I'liiK-onc 
volcanic formation, on the west side of lake Nicaragua. »l)out 
30 miles east from tlie Pacific ocean : the deeijest ravincH and 
crutertj of volcanoes and wells ( COO feet deep ) present uncom- 
pacted rhyolite, trachyte, andesite, phnuolite, luisailt, pumice, scuriffi, 
ennidin, and ot\w\- forms of igneous and aqueo-igneouw vohiinic 
materials; alwnit throe miles south and southeast from the city 
is the northern foot line of the Tertiary part of thft Cenozoic area. 
Volcano MoMBAriio and itst numei'OUH variously shaped monticules, 
also situat^^l on the west side of lake Nicaraf^ua, all together have a 
base of about twelve miles in iliameter. About four leagues to tlK!- 
southeast of MoiiHAriio is the iijtiall.v lai^c mass of volcanic mute- 
rials, cruptwl in Tertian' times, named volcano J^ai'ktkka and form- 
ing a peninsula in the lake; alwut six leagues to the southeastof 
Zai'ktkka^ in hik<' Nicarugna, is the large inland which was formnt 
by the now in:ictive volcan<H's Omktkpe and Maiikka that originatetl 
in the Quatenmry epoch ; far to the son theast ward ( 30 to 40 
leagues) is the (.'iista Hica group of smoldering, inactive and 
pu8sii)Iy some extinct volcanoes, originating in Teiliary limes anil 
continuing iiito the Hkcf.nt epoch. Tlicse, ^Iiulera. (.>matepe. 
Momliacho, with Mivsaya, Mometomlm (l!,4flU fcf^t high) and 
a few other inactive and extinct volcanic ma.sses in Nicaragua, 
form the links in the cliain which eonne<^'te<l the San Sahtidor 
an<l the Costa llica gi-oups of volcanoes. Knoi-mons quantities of 
the loose material, fmm all the volcanoes in Sim Salvador, sonlli 
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western pHrt <rf HoiKltiraa, and the luirtiiweateni piirt of Niwii-si- 
gua, sinn} tlie fonimtion of tliesL' volctinoes liavt' l*een swept by 
torrents and rivei-H into the Pueifie oeoan, ulong and near to tlic- 
western coast of Nicaragua, and this is still going on. These 
materials have formed there an cxtt^'nsive dv[)osit probablj' more 
than 20,000 feet deep. These facts u<N»untfor, or are in soDie way 
(connected with, the apparently complete i-emoval from tlie fonncr 
active volcanic i-egion in Nicaiiigna, of the hydro-thermal ftiircs 
whicli were oiii-e largely inftiiential in ciiusiiig and eontiiiiiing 
volcanic activity and earthquakes in tlmt n^sio"- 

Some of llic phenoiiicnu noted by ine wei-e loi-id, the Hurfate 
waves of force not extending cuer iin area of moi-e than SO miles 
in diameter, or if tieyond that not sutHeicntly perceptible to bo 
wortlty of note. The waves along whose very irregularly curved 
line of transit the gi'eatest disturlmnce was observed were about 
three miles ( send-diameter, tlie otiier half of the <liameter was in 
lake Nicaragua ) southeast, soutli and soutliwest of the city of 
Granada ; along on the side, near the foot of the lui>ce. ugly vol- 
canic mass, MoMB.kCiio, at lake Apoyo ( ttituattKl in a crescent' 
shaped crater one-half mile wide and one mile long and 300 feet 
deep) Haciendas Carmen and b'nentos, Monticule I'iloii, Haciendas 
Agoste and La Iloyo ; thence castwanl into lake Nicaragua. The 
city of Granada was outside of the circle of greatest disturbance. 
The focus was beneath lake Nicaragua a few miles north of the 
inactive volcano Omktei'k alioul 15° cast fmm south i>f the city 
of Granada, and extended westwanl. The oscillation of tlie 
severest wave felt in ( ! i-anada w«h f idly 11°, 47 ' , fix>m a [jei-pen- 
dicular, and sufUcient to <'aUNc a bell, jixi'il alxait sixty feet above 
the surface of the street, in a tower at the northeast comer of 
Anglesia Merced, to incline and strike the iii)!! clupia'r suspended 
in it aixl sound out loudly three protracted notes. (This, ll". 
47 ' , was one half tlie angle the bell would have to pass tlirougli 
to strike the clapper, but it is adopted Ixtcausc tlu^ cla|)per was so 
attached to the !>ell as ni)t to be perfectl.v fret^ to retain itx perjicn- 
dicular position when the Im-II was inclined.)* 

If the clapper had been fn-e to retain a periKsndicular position 

*1 made several trials hu'Jbilns a similar ImOI (rrci>. iiotti^i^iJ. in a 
tower). liaviiiK a t>liiit1ar clapper and aUacliinent ; the i'lH|i|H'r nlu-iiyK 
inclined with tlie bell S° li> 1(1°, before awiuHinK loose iind n-riirniim in 
a perppniltciiinr ixisltUiM. 
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and JD the center of the bell, then the latter would have had to In- 
cline about 23°, 17', to have struck the former with auflBcient 
fonp to have prodiicwl loud Bounda. 

Till- diameter of the surface waves where the horizontal element 
was sufncienttohenotcd. was al>out 30 miles. The focus was alMtut 
6,!I(I0 yards deep l)elow the earth's surfat-e : this was palcnlated 
fr<)rn the curveil soismal Hue extending tliroiigh the places where 
tlif force at the surface was noticetl to ha*-e Ijeeii greatest, and from 
the probability tljat the dianiet<T of the surface waves there, where 
the liorizontnt inclination was at greatest angle with the declining 
(>sc:illation and the focus, was the base of a cone wlioae apical 
angle wuH 711°, 32'. Tlic strongest wave extended fur alwut 30 
mites into ttie Paeillc oi-can ; a few otliei-s extended about 20 
mites, anil aevenU only nine to twelve miles fiiim Monticule Pilon 
on the line of greatest disturbance. 

The velocity of transit of the spherical waves through tlie not 
firmly compactul volcanic formation was alvout 6,000 fii-t per 
second. This was ascertained by three fortunate experiinents. in 
similar materials lietwcen two stations 9,556 feet distant from 
each other aiKl about 200 feet deep in volcanic craters, Tlic 
velocity of the surfiii-e waves was much greater than that of tlie 
spherical waves. I conld not get reliable information. The tele- 
graph operafj)r3 at the stations. (imiukOa iind Masnya, 12 miles 
from each other on the r:iiIroad between lakes Nicaragua and Man- 
agua, were not sufficiently active, and the clocks did not corre- 
spond ; hut it was jil>out 10,000 feet per second. 

The mrmu was alwiut SyKvgies ; the season of the year, winter or 
rainy season, but unusually dry from lake Nicaragua to the Pacific 
ocean ; no corn, grasses or vegetables had pniduceil crops tliis 
season in the western third of Nicaraguti. The remaining two- 
thirds of the country had an atamdnnce of rain at this season of 
the jear, as usuiil. Tn Managua, chuit-h Ix'ils were tolled and 
prayersfor rain wen-offered. Thelai^ernumlierof theearthquakts 
were felt during stnmg currents of wind. No unusiml meterologi- 
cal phenomena wei-e observe<l between the 3il and 12th inst., 
although several eartliqunkcs wcie cspcricnciHl tietwei'n those 
dates in tlie locality of the city of (iranada. -ilazy, murky, 
iitmosplicric condition prognostletiting euithci nukes' -—I have fre- 
■jueutly and anxiously looke*! for such a condition of the atmo?- 
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phere to be followed by cnrth4]u»kcs but alwiijs linic been s^^ret*- 
iihly disappointed in this anil in otiier countries when studjing 
cartbquoke phenomenn. It is full time, I believe, to expunge 
Huch unBustaine<l statements from nur eliniiitit^ and seisinologieal 
literature. Pincc the i-ommeni-ement of tiie earthquakes, domestic 
animals such ns powh, horses, etc., were noticeil U* graze all day 
near the bonnes and not go out as nsnal, far into the i>o8tmroB for 
ifrass ; also wild animals, as the deer (CVrvusnicHruguensis), came 
out from their usnal places, the nivines and wimmIs on the aides 
and near the t*>p of the extin<'t volcanic mass Momlnicho, and were 
foand in nnml>ei'H herdin;; with and hiding near the cows, near tlie 
liouses or reHidences on tlie haciendas. 

The motion felt during the first six days as deseribed by nearly 
sill personn. was, al fiml, jarring, as if the earth on which they 
^tood ha<i snddenly dropped down and come in contact with a 
solid portion ; tlien the motion during the remain<ler of the shiK.-k 
wa8 undufiiliiig as if the earth l)eneutli them wat sli<1ing from 
plac-e to jjlace against other jiartti of the earth in an cSort to be- 
<Y)me {K'i-manentlyadjiist4Kl. The sound which prei'<'<led and accom- 
panied the first motion during the first few days, was a grating, 
•rrinding noiKc. rumbling like the sound of heavily loaded otrt 
wheels over robl)le pavwl streets. After the 5th or 7th instant, 
the soundM, motions ( and causes ) of tlie waves were very differ- 
ent from those almve dcHcril>e<l; the motion wuh that of true 
lioriztmtally inclined progressive waves, and the sound was rough, 
gui^ling. liubbling, as if of water at 212° Fall., or (ireater tem- 
peratun'. The first waves were elicited by the sudden shrinkage 
of the fie<ilogical formations, and tifteii rei»ejit<il eff()rta to attain 
equilibrium between the friction and gravity at »omc jwint where 
the liMW of heat had been much mora rapid towanl the interior 
than at the Hurfnee ; and tlie fr«jiient n?currence of the shocks 
for Hcvenil days until the 7th instant, was. I am persuaded, from 
ironsidering all the plienomena, mrchanical eurrgi/. cansing change 
of position and form, and readjusting and coin|>acting of the 
volcanic material«. There are many reasons to iM'lieve that the 
forinntiiHis. from sui-fa -e to focus, and even de('i«'r in Unit Iwality, 
are composed of lw)sely compacted materials with many euvem- 
ous phiceR. rendering contraction and sudden shrinkage proltable 
occnrrenees. The meclmtii<-nl ciici^y also, I Ivelievc, o(-niMi<)ni'<t a 
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few email, Irregulur ftssurett, uear tlm aliruukea uu<l compacted 
materials extending from the focus or near it, up to the bottom of 
lake Nicaj^UA, tlirou};li which water circulated. These waters 
found access 1x> a tem|>emtun! of about 400 Fah., and generated 
aqueous vapors until their elastic force was sofflcient, assisted 
most probably by other gases of greater elasticity, to cause tlie- 
earthquakes and the sounds associated with them, fi'om the 6th to- 
the 22d instant. There were no indications observed of vortical 
motions, nor of that class of earthquakes. Neither was there any 
of the jjounding or tossiug up movement, nor deafening sounds of 
the explosive type of earthquakes. If the water from lake Nicar- 
agua found access t^i the geothermal plane where tlie focus of the 
first earthquake was found to be, it is reasonable to conclude that 
this is the process by which are formed caveras containing liquid 
rock materials and elastic gases and aqueous vapors ; and tliat 
these will inci-ease in size, quantity and elastic force, until 
sdfflcieut force has accumnlate<l to upheave and eject the super- 
imposed masses, in other words, commence volcanic activity, like 
volcano Tarawara in New Zealand ; this activity once originated 
will continue so long as lake Nicar^ua. like the lake onco exist- 
ing near volcano Tarawara, previous to tlie eruption of that 
volcano, supplies the water necessary for its promotion. Strong- 
alkaline waters at 400° Fah., in long contact under a pressure of 
3 or 4 miles of su|>crimposed material will, no doubt, dissolve all 
kinds of ntcks. and the dissolved material will occupy much lesK 
spai.'e than when in a loosely compacted con<litioH. ('onsequently 
the ciivems that are formed are constantly increasing in size, 
allowing for a constant increase of the materials that promote vol- 
canic enei^-. But earthquakes appear to have ceased in tiiat 
locality, pertiajts iHKiiiise the flssunts have iieen closed by stiriiik- 
age or fillo<l with pox»:uolHiio or other liydraulic cement. 

The facts oltaervtHl during tlie recent ciirtiiquakes assist in 
establishing the following in reference to this class of pliysical 
phenomena. 

i«(. They fre<jnently are the result of sudden shrinkage from 
greater contraction in the interior alnn>; certain r.idii than at tlic- 
surface — >[cchanioal energy. 

t'«(/. Tliey may and often do urigiimte locallj- a few miles only 
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boneath the earth's surface, and give do indicatiooH from vfaidi a 
liquid condition of the interior of the earth could be supposed. 

Srd. "Riey may be local on the earth's surface, and do gener- 
ally cease when the causes (contraction, shrinkage, etc.), have 
ceased. 

ith. The ' ' waves " of force in eartixjuakes are sometimes botli 
JoiB and rapid. 

6tk. When cansetl by contraction an<l suddeu shrinkage they 
produce a more consolidate*! condition of the formation, from tlie 
surface to the focus. 

6th. At the same time the}' may cauae Assures about the fociis 
and originate caverns partly filled with liquid volcanic rock or 
with elastic gases and vapors, and these may become the primarj' 
reservoirs for volcanic materials and forces, from which in course 
of time may )>c ejected lava and vapors and cinderH. 

7ih. It ia possible that the liquefaction of rocks and formatjiin 
of elastic ^'apors and gaseit may cease before the forces ui'e 
BufHciently strong to result in volcaDocs. heciiuse of the closing 
by some natural cementing process of all the Ussures through 
which alkaline waters can find access to the heated interior. 

The difficulties attending the study of eni-thquake phenomena 
during the exciting times which they cause are numerous, various 
and great ; after they have ceased it is almost impossilile to obtain 
reliable informatiou about them even from those pei'sons who arc, 
in other circumstances, usually calm and observing. To portray 
some of the difficulties, I relate the followitig, a part of iny 
recent experience : Early in the evening of tlie 5th instant, my 
party (consisting of four intelligent gentlemen, myself awl two 
servants) arrive<1 to remain all night, at Ilncienda Kuentas, situ- 
ated on the line where the greatest disturbance had been o)>sen'od ; 
night had fallen and a dark rain-cloud was rapidly appittiichiiig. 
The dwelling house was an I, shaped, tile roofe<l, building with 
adolie walls, of which the south and west walls had fallen during an 
earthquake on the 1st instant, and the roof on those sides was 
supported by posts ( See plate II). The tiles on the roof had liccn 
disarrange in many places or thrown from the roof ; to the noi-th 
was a smooth "patio'' or yard about 100 feet squai-e; all, Iioukc 
and yuni, occupied the top of a knoll of vol c;inic materials. The 
" major ilomo' ' or superintendent and several men living (in givat 
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fear) on that estatcdeclaredtousthutthej'ard was "full o/JtMiire», 
wbose opCD moutha had been closed by sweeping dirt, etc, into 
them." The darkness was t«o intense, and our lamplight too 
feeble in the wind to permit us to see distinctly that night The 




relators knew tliiit the 



j'lihehiiiHl whii;h we 



would certainly detect tlie next morning aiul thiit they might 1)6 
Bcierely punished tor attempting to misinform us. They were 
not trying to frighten us, iioitluT lo j>ortray in falsn? colors the 
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disastrous eonditioa at the premises. They were counting beads 
on roesries and saying prayers most of the time, yet there were 
no flssares, not even a enperflcial one, in or near that yard. The 
next morning they declared to ua that they had witnessed "the 
ground open in several places in the yard during the severe earth- 
quake on Monday of let instant, and supposed the openings had 
closed," and that "the boys had covered the tracks over with dirt 
when sweeping the yard." They honestly believed that they had seen 
the ground open during an earthquake. There is a popular beUef 
afloat In countries where earthquakes are fell, that during u sevei-e 
earthquake, the earth w seen at various places to open, into nymfr- 
omfitturet then dote again, without lea^nng any other evidence of 
a rapture than the false and frightened relator. While at tlie 
Harienda Fuontas, about 7 o'clock p. m., tliere arrived during tlie 
rain, nearly exhanstetl an<l much frightened, a man, woman and 
two children, and stntc<] that aliont one-half hour previous, and 
almut one mile distant, they were under a tree near their house, 
near the foot and north of Monticlue Pilon, wlien they felt a 
severe earthtguoke, and witnessed a fissure open in the earth over 
three feet wide and exten<ling many feet into the woods. We had 
felt that shock ; it was not remarkabl)' severe, )>ut the fissures 
were not found, altliougli the man and woman faithfully assisted 
UB the next day in our attempt to find them. Tliat part of their 
storj- was false, although they fingered tJie l^cads on their rosaries 
as they persisted next day in de<'laring that they had witnessed 
"the ground near them open during the earthquake " and they 
marked out for me the exact place, and they believed that tliey 
were telling the truth. None of these relators were stnpid; on 
the CMitrary they were intelligent enough to make money and live 
with the comforts usual to tliat loi^ulity. These are fair examples 
from a mass of statementfl mode to ua by different persons, and they 
correspond with tales told me during the examination of earth- 
quake phenomena inothercountries. Unquestionably there is much 
difficulty daring and immediately succeeding severe earthquakes, 
in commanding the mental faculties so as to keep them in a con- 
dition suitable for coolj critical observations. I have had volun- 
tary experience several times in severe earthquakes, and in long 
contested battles where several thousands of men were engaged 
in deadly contest Tn battle there is to sustain one, a conficious- 
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ness ()f Ix^iiij; in the rigbt, memorj- of loved ones at home, 
gallantry of companione, hope of victory, pride, ambition, etc., • 
hut in a severe earthquake there is experienced an absolute isola- 
tion and consciousnes!! of the inability of any person or thing to 
assist, or to help ont of the difBculty ; as you move your foot 
forward and ilownard, for a secure resting place, it goes on, down 
and down, until suddenly and roughl}' arrested by a strong, un- 
seen, approaching force ; as the eyes look out for information they 
Hite everything in a disturbed condition, apparently hopeless and 
in lielptess attitudes. Therefore, earthquake plienomena are 
tlifflciilt to study ; stoical persons observe only what their pre- 
viously determined opinions dictate, and uen'oua [people see myth- 
ical wonders innumerable and iiidescrilmblc. 

There accompanied me during the many Aayn we were engaged 
in the examinntion herein related, at my request, Pmf, Senor Don 
All)L'rto Gamez, Physical Science and Chemistry, lustituto 
National de Oricnte, Granada; Prof. Santitigo Ordozgoite, Mathe- 
matics, Institute Nacional de Oriente, Granada ; also Mr. R. H. 
Young, of Philadelphia, Pu. , resident in Granada, whose knowledge 
of the country roads, acquaintance with people in the Haciendas, and 
<iuick observation and practical way of criticising what we saw 
and licard. were of great assistance to us; alHO, Mr. T. I.. Sulli- 
van, of Philadelpliia, Pa. , resident ir. Granada, an educated mechan- 
i(yil engineer familiar with mechanical laws and foi-ccs. His obser- 
vations and photographs and diagrams wen- of much as.ti»tancc. 

M-iniigua, Nicarugmi, Si-|)t. 27, 18!>ll. 

ORIGIN OF THE BASINS OF THE GREAT LAKES 
OF AMERICA.* 

liv- J. W, gPEN-CKR. M. A.. Ph. D., F. G. S., Allaiita. 
Contests. 
1. Ititi'oduGtioii. 7, Gluciatioti of tlm rt^iuii. 

3. FeBturSH o( tlie Oiitario basin. M. Former hteli contiiieiilal olBviHion 

3. Features of (he Erie bwiin, of NorUi America. 

4. Featurea of the Huron biLtiii. 9. Deformation of raised nhoreN and 
B, Features of lake Hlchlsaii. b<'aches. 

6. Buriiiil valley.H revealed bjr boriiiB*. lo. Coiioliinioiis from the olHervations. 

1. Inlrodurtiiin. 

Kven as recent as a decade ago very little was known as to the 

origin of the great lakes of North America. Whilst we find such 

generalized statements as "most lakes are due to terre,'*trial crust- 
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muveincnte," yet such crust-movements bad not been tested in the 
Amei'icnn lake-region. Again, from tlie time of earlj geological 
iiireatigations in America, statements are found that the basins 
were the result of erosion ; but the methods of erosion were not 
explained, and this was the more noeessaiT an most of the l>asins 
have rock-bound outlets. Later in some gcol<^ic!il literature, the 
metbod of excavation was hypotlietieallv attributed to glaciers. 
Such was the nnsatis factory- condition of our knowledge of the 
problem when the writer first commenced the study, in atteniptjng 
to solve tlie origin of the Dundau valley, at the western end of 
lake Ontario, more than a dozen years ago. This investigation 
has developed results bearing not only upon the origin of the lake- 
basins, but also upon the physical history of the lakes, and 
broader questions of the building and sculpturingof the continent. 

Tlie methods of investigation have been the studying — ( 1 ) of 
the hydrc^raphy of the modem lake-basins and snbmei^ed chan- 
nels upon the eoast of America : ( 2 ) of the deep wells bored into, 
or through, the drift Deposits, by whicli buried channels, and 
their relation to or contrast with tlie modern valleys, have been 
discovered; (3) of the elcvati<m of the continent; (4) of the 
direction of tlie giaeiation in the lake-i-egion ; and ( 5 ) of Uie now 
high-level beaches, in which are recorded continental uplifts, to- 
gether with the deformation of tlie old surfaces, owing to unequal 
terrestrial movements or warpings of tiie earth's crust*. The 
lakes which hare been the basis of the more careful investigation 
are Ontario, Erie, Huron, and Slichigun, with the respective alti- 
tudes of 247, 573, and, of the last two, 582 feet above the sen 
(see the map p. 87.) 

2. Ftatiirei of the Ontario Inistiu 

Lake Ontario, as was shown in an earlier publieatLonf, is a bosiD 
bounded on Its southern side by escarpments, often precipitous, 
of which some of the steps are now submei^ed. .At ihb foot of 
the submei^ed escarpments a valley like that of an ancient river 
may be recognized from the western part of the lake to near the 
eastern end, but there it disappears, for reasons to be notetl lat«r. 

*ln the (leld-work I here acknowledse the assistance of protossors 
D. F. H. Wllklns, W. W. Clendenin, and W. J. Splllman. 

f" Discovery of the preglacial Outlet of the Basin of Lake Brie Into 
that of Lake Ontario," by J. \V. Spencer ; Proc Am. Phil. Soiv, Phllsd. 
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The deepest part of this viilk-)- ie 73S feet beneatU the surface of 
the lake. From this trough the Boor of the lake rises gradually, 
or with o(^^-HHional low steps, to the northern shore. In short, tlie 
basin was once an old land-valley traversed by a river. At the 
western end of the lake borings liave revealed an old obannel, 
having a lateral depth of 292 feet. This is the eontinnation of 
the canon of the Dundas valley, which is about two and a half 
miles wide, bounded by rocky walls nearly 600 feet high, capped 
with Nii^ara limestone. Down this valley the wnf«rs of the 
ancient Erie bauin once flowed'. 

If the waters of lake Ontario were withdrawn, its present basin 
would be a broad valley, continuous with that of the St Lawrence 
valley, having a breadth of thirty or forty miles. Into this plain, 
at a point about twenty miles east of Toronto, there is a channel, 
approaching the shore, whose bed is 474 feet below the surface 
of the Inket, but with boundaries submerged to only 200 feet 

This depression trends southward and joins that at the foot of 
the submerged escarpment lufore nientionedt. 
3. Ftatureiof the Erie. ha»in. 

The floor of lake Erie is a broad flat plain, now rarely sub- 
mei^ed to a depth of more than 84 feet, and usually less. Only 
a small area, situated direutly soutb of tlie western end of lake 
Ontario, is of greater depth, and there the greatest sounding is 
210 feet!. But from this region the Erie valley was drained by 
the Grand river and Dundas valleys into the western end of lake 
Ontario, as was shown in 1881 ; for the Niagara river did not 
then exist Numerous tributaries of the modem shallow lake 
flow over deeply buried channels, the deepest of those discovered 
being 228 feet below the lake-surface, as described by Dr. New- 
benyll, although the floor of that poition of the lake is nowhere 
over 84 feet below the surface of tlie water. 

Similar channels, buried to depths below the floor of the east- 
ern end of lake Krie, near Buffalo, have been described by Dr. 
Julius Fohlmannll', The borings into many others in the region 

"Sec "Discovery of thn PvoRlaoUi Ovitlct ot laki> Erie," etc. 

fSee BrllUh Admiralty chart of lake Ontario. 

tSee U. H. Lake-Survey cliarts ot lake Ontario. 

jSee U. S. Lake-Survey cliarl ot lake Brie. , 

[Geology of Ohio. 

lyPapor read before the Ainer. Assoc, .Idvanc. Sfi('ii<.'p, 1S8.1. 
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of the westeiii end of the lake have been reoorded by Prof. T. 
Sterry Hunt*, and prove the existence of eimilar buried channels. 

The original recognitionf of the valley-like character of the ba- 
sinK of Ontario and Erie was baaed upon the atKive-mentioned 
characters, and upon others now supplemented by a more perfect 
collection of facta ; but the greatest difficulty was in the occur- 
rence of the rock-bound outlet of lake Ontario, a difficulty which 
observations have at last dispelled, as will be seen later on. 
4. Fcatmtt of the Huron ttwiN. 

The Bouthcrn half of lake Huron is a plain traversed by valleys 
nnd submergetl to form only a shallow lake. Northward of this 
shallow basin, and ext^indiug obliquely across the lake for ninety 
miles, tbere is a submerged escarpment rising to a hight of from 
300 to 450 feet, facing north-eastward. The deeper part of the 
lake then trends northward in the direction of Georgian bay. At 
one point the extreme depth of the submerged valley reaches 750 
feet. Tht absolute depth of the rock in the deepest channel be- 
tween lake Huron proper and Geoi^iaii bay is not known, but 
soundings show 30G feet ; and as there is a deep channel upon the 
western side of Georgian bay it becomes highly probable that a 
deeper and connecting channel is filled with Drift, like those 
known to occur elsewhere, beneath the lakes. From the straits, 
iH'tween tic islands, the narrow channel in Georgian bay, just 
referred to, extends south-eastward and is submerged to a depth 
of 510 feet This is at the foot of tlie Niagara escarpment, 
which extends, as a strong topographic feature, from the bead of 
lake Ontario, and, rising in places to 1,700 feet above the sea, 
into the peninsula between Georgian bay and lake Huron proper. 
The channels at the foot of escarpments, submetged or otherwise, 
in lake Huron and Geoi^an bay are fragmentary records of the 
liixtory of the lake valloyst. 

5. Features 0/ lake Michigan. 

This lake is divided into two basins. The more northern and 

larger basin has a maximum depth of 864 f^t. It is, in part, 

liouuded by vertical submerged escarpments, one of which, upon 

•Seu Report Ueol. (.'auada, I8<i3-Rti. 

+Sec " Discovpry of the Proplacial Outlet of lake Erlo," otc. 
tSf.e U. B. Lake-Survey chart of lake Huron, and the Canadian 
chart of Ui'orglan liay. 
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the eastern side, has a bight of 500 feet Whilst the deepest 
sounding at the modern outlet of ihe lake ia only 252 feet, there 
are adjacent channels buried to unknown depths. But these have 
been imperfectly explored. Into this shallower portion of the 
lake, however, the fjord of Grand Traveree bay has a northemly 
trend ; it is 612 feet deep. This and the lesser fjords indicate 
the existence somewhere of a deep channel counectang with the 
Huron basin, as much as the river-valleys buried beneath the 
Drift materials of the modem Soor of lake Erie prove de^ 
channels throughout that basin, although not shown by the sound- 
ings ; for the lake Michigan valley is carved out of undisturbed 
and almost horizontal Palaeozoic rocks, the newest uf which are 
Coal-Measures. 

The southern basin of lake Michigan is separated from the 
northern by a plateau submerged to a depth of from 300 to 342 ; 
whilst the southern basin itself is now &76 feet deep. The area 
of this portion of the basin is now much smaller than that of the 
pre-Pleistocene valley, as its margins have been filled with Prift, 
and now form broad plains bounding the lake. Beneath these 
deposits is a deeply buried channel, leading to the valley of lake 
Huron, and to be noted fnrtlier on. 

G. Buried vallei/t revealed bt/ boring*. 

Tbe deep welU reiealed the existence of the buried channel 
down which the waters of the Erie valley originally drained, and 
thus establlBhed the relationship of the Erie with the Ontario 
basin. But the most important series of borings were those be- 
tween Geoi^ian bay and lake Ontario, for here we have the con- 
necting-link between the valleys of tbe upper lakes and tliat of 
lake Ontario, and indeed the key to the origin of the valleys of 
the lakes. 

Between Georgian bay and lake Ontario, a distance of about 
95 miles, a portion of tbe country is comparatively flat or com- 
posed of a series .of rising plains ; but there are also high trans- 
verse ridges of Drift, having a general trend of east and west. 
It is upon the northern side of the Drift ridges that lake Simcoe, 
with a diameter of about twenty miles, is situated. But upon the 
northern side of llikc Simcoe there is another series of Drift ridges 
trending towards the north-east. Both of these series of ridges 
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rise to between 200 and 550 feet above lake Huron, these measure- 
ments being the extreme variatdou in their hight 

From Oeorgian bay to near lidte Simcoe, for a distance of thirty 
miles, the country is low and flat, with a known absence of rock 
to far below the level of the bay. Lake Simcoe is 110 feet above 
Georgian bay, but upon its northern side, at Barrie, a well baa 
been sunk is the Drift, without penetrating it, to a depth of 280 
feet below its surface. Thirty miles further inland, soutii of lake 
Simcoe, at Newmarket, a well was in the process of being bored. 
It had reached a level below Qeorgian bay and was yet in Drift 
depoeita when visited. In another well, several miles to the west- 
ward, near the side of the ancient buried valley at Beeton, rock 
was reached at 50 feet below the surface of Georgian bay. 

Between Newmarket and Richmond Hill there are several deep 
wella on the heavy Drift ridges which cross the country. But at 
Richmond Hilt, at a bight of 217 feet above Georgian bay, there 
is a well 400 feet deep without penetrating the Drift Thia proves 
the thickness of the Drift of the higher ridges crossing the old 
valley nortii of the well to be not less than 700 feet in tiie old 
channel. SouUiward of Richmond Hill the country foils away in 
a series of more or less rolling steppes to lake Ontario, but tiiese 
plains show the absence of rock along deeply-cut valleys to far 
lielow the level of the upper lakes. Upon the western side of 
this chain of borings, but a few miles distant, there is the Niagara 
escarpment. Upon the eastern side of lake Simcoe the country is 
covered with flat limestones, rising to 150 feet above that lake. 
Prom the known absence of rocks along the line of borings and 
stream excavations, between a high mountainous escarpment upon 
one side and a rocky floor upon the other, and from these borings 
reaching to 200 feet or moi-e below the upper lakes, without pene- 
trating the Drift but stopping in qnicksand, there has been dis- 
covered the existence of the only channel of antiquity which could 
now draw oft the waters of the upper lakes, if the Drift v^e re- 
moved. Although none of the borings have reached the original 
rocky floorj yet the depth of the buried valley is suggested by the 
channel close npon the northern side of lake Ontario, now snb- 
mei^ed to 474 feet, which is deep enough to drain the last drop of 
water out of lake Huron, • 

We have now found one continnous chauDel from lake Michigan 
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through lake Huron and OeorgiaD bay, and thence buried beneath 
Drift depoeite until it ie again recx^oizable throughout nearly the 
whole length of lake Ontario, being joined at the western portion 
by an andent outlet of the Erie valley ( the ancient Erigan river). 
But the reUtive maximum depression of the channels, as far as 
explored, is disturbed by terrestrial warpings to be described here- 

Across the southern part of the peninsula of Michigan, between 
hills rising upon either side to bights of sometimes 800 or 1,000 
feet above lake Huron or lake Michigan, there is a valley whose 
western portion is occupied by the Grand river, and the eastern by 
i\ small river emptying into Saginaw bay. At Uie divide be- 
tween these rivers Uie land does notiexceed 100 feet above the 
lakes. The topographic features of the valley show its original 
opening as having been into the Hurcfn valley by Saginaw bay ; 
but a oonsi derail ie proportion of the modern drainage is in a direc- 
tion opposite to that of the valley, or flowing towards lake Michi- 
gan — that ia, the drainage has been reversed. The maximum 
^iepth of the western portion of this buried valley is not known, 
but there is an absence of rock, as shown in several borings, to 
between 100 and 200 feet below the lake-level. But farther east 
in this trough there are several deep wells, in one of which the 
Drift is 600 feet below the floor of the side of the valley, or 350 
feet below the surface of lake Huron*. Hence we have established 
the great depth of the buried valley between the southern part of 
lake Michigan and lake Huron, whose ancient river I name the 
Huronxan. 

Other buried valleys and channels submeiged could be given, 
but they all indicate the ori^n of the basins of the lakes as the 
valleys of a great river and its tributaries — a river of such high 
untiquity that the rains and rills had already ground oS the sur- 
rounding hills to broaden the valleys. But for all this evidence, 
there are now rocky barriers forming an apparent obstacle in the 
way of a complete solution of the problem. 

7. The Ghicialion o/ the regio,,. 
At the present stage in the investigation this subject cun l>e 
^^uickly dismissed. The question whether glaciers can erode great 
t Alma, Mich., Ibc rurorU biding fur- 
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lake-basina is hardly pertinent, for nowhere about the takes is the 
giacistion parallel to the shorea or vertical esoarpments which are 
associated with the lakes. Indeed, the directjon of the striK ia 
often at high angles, even to 90°, to the trend of the vertical 
walls of rock bounding or crotising the lakes. Nor are the faces 
of these great walls of limestone polished by an ^ent moving 
along their faces. That there are no strife parallel at some local 
inlet or valley would be perhaps rash to assert ; but, if so, it is a 
mere ooincideace, with no bearing upon the origin or moulding of 
the great-lake valleys. Henoe we are forced back upon a ctmdu- 
sion that the lakes were subagrial valleys in spite of the barriers, 
and the fact that the floors of most of the basins are below the 
sea-lflvel — that of Ontario being nearly 500 feet. 

8. The former high continental el^mtion of North America. 
If the lakes and valleys originated from atmospheric and river 
erosioD, then the continent stood at much greater elevation than at 
present, as shown by the deptLs of tbe lakes themselves. Sut 
there is much collateral evidence that in the later Tertiary days, 
probably during the Pliocene, tiie contiuent was very high. This 
is shown by the submerged valleys of the St. Lawreace gulf, of 
the gulf of Maine, off New York, at the mouth of the Mississippi 
river, upcm the Pacific coast, and in the Hudsoa strait These 
indicate that eastern America stood for long ages at between 1,200 
and 1,800 feet above ite present altitude ; and the whole continent 
in more recent times, but for a briefer period, at upwardtt of 
3,000 feet*. Hence the former continental elevation was sufficient 
to satisfy all demands for the erosions of the lake-valleys; but 
the rocky barriers still demand explanation, both on .'UXK>unt of 
the present obsti-uctions not having impeded the erosion of Uih 
valleys, and on account of their subsequent closing the valleys, 
in part, into lake-basins — the necessary observntions for the ex- 
planation having long eluded investigation. 

9, Deformation of railed thoret and bi:aclteg. 

At the close of the episode of the newest till, the region of the 
great lakes was submerged to a depth of at least 1,700 feet, as is 
recorded in the beaches which overlie the till. These high 



■jGoogle 



Biminn of the Great Ijikeg. — Spenaet: 95 

9 only rem&in as fragments about tmcicnt isliindB ; but if 
we descend to beaches of lower levels we find them well developed 
and containing all the necessary evidence for explaining the rock- 
barriera at the outlets of the lakes. Gen. 0. K. Warren, corps of 
engineers, (J. S. A., was the first to au^^eet the closing of the 
lakes by warpings of the earth's crust*. Portions of the high- 
level beaches about the lalies have long been noted. But it was 
Mr. fi. K. Gilbert who first connected the beaches upon the south- 
ern and eastern sides of lake Ontario, and measured their great 
rise towards the northeast ; but, as he did not apply tiia discovery 
to the explanations of the lake-basins, it was first applied by the 
present writert. The results of Mr. Gilbert's investigations of 
beaches in New York and Ohio, and of the writer's researches in 
Canada, Michigan, New York, and elsewhere, are suflScient to 
form a chapter by themselves, and are still mostly unpublished, but 
I will draw upon them only t« the extent of explaining the harriers 
across the outlets of the old valleys. 

The most important r^sed beach of the Ontario liusin is the 
IroquoitX. At the western end of the lake it now rests at :-t63 feet 
above the sea, but rises slightly to the cast and still more towards 
the north, until at four miles east of Watertown it is 730 feet 
above the sea. Still further north-eastward, near Fine, on the bor- 
ders of the Adirondack wilderness, it reaches an elevation of 9T2 
feet above the sea, beyond which I have made no instrumental 
measurements. At the western end of the lake the uplift is 
scarcely two feet in a mile in the dii'ection of N. 28° Vi. At anil 
beyond the north-eastern end of the lake the uplift is found to 
have increased to five feet in a mile, utid in the rc^rion of farthest 
observation to somewhat mori', in a north-eastward direction. 
Thus in the deformed water-level I have ali-cady mciisiired a bar- 
rier of about 609 feet raised up at the outlet of the lake. Of 
this, about 530 feet is confined to the region of and beyond the 
east«m ends of the lake, where the later Pleistocene barrier acrosn 
the ancient Lanrentian valley has appearc<L Whilst we know 

•Appendfx 13, Report of Cblctof EnKiiioers, I'. S. A.. 1875, 
tSee "Notes on the Warping dC the Karth's Crust In Its Belatliiiis tit 
^be Origin of the Itasltis of the Great Lakes," Amcr. N'at., Feb.. iflHT. 
pp. IfiS-Tl. 

%" Iroquois Beach ; a riiaplor in the Geological History uf Lake Oiitik- 
rio," Proc. Roy. Soi-. raiiiula, 188H. 
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what arc the mttximmu aoimdings in the river, yet the old vhunnels 
are so filled with Drift thnt their depths are not revealed. Still, 
we know that in one portion of the channel cut out of limestone 
and more or lees filled with Drift, the sounding is 120 feet. A 
short distance bejond, the channel across the Laurentian gneisses 
shows soundings of 240 feet The mnximuin depth of the lake- 
Itasin is 738 feet. The defoi-mation ret-oi-diil in the beaches is 
more recent than the episode of the upix^r till. Consequently, 
if the continent were at a high level, with the warping, known to 
liave occurred since the Drift was deposited, removed, as shown 
by tiie above figures, there would be not only no barrier, but a 
sufficient slope in the Laiircntian valley for the drainage of what 
is now the Ontario basin. 

Furtherm(n-e, the presence of the rock barriers of the rapids of 
the St Jjnwrencc, further east, arc wholly aw^ounted for by the 
terrestiial warpings of the region. Hence, I have demonstrated, 
after a decade of study, that no barrier existed across the Ontario 
valley when it was being carved out by the ancient St. J.iawren(x), 
and that this barrier is of quite modem origin. 

t^outh-east of Geoi^ian bay the average measui-ed warping is 
four feet per mile, in mean direction of N. 20° E. This will ac- 
count for a portion of the barrier closing the Georgian outlet of 
lake Huron. The more elevated beaches in the region of lake 
Huron record a still greater change of level. 

At the outlet of lake Erie, Mr. Gilbert and myself find a differ- 
ential uplift of about two feet per mile, and this is sufficient to 
account for the recently formed basin of lake Erie. 

The warping affecting the Michigan basin has been that towanls 
the north and east ; and even in the buried channels south of 
lake Michigan there is no evidence of an ancient drainage to the 
soutb, as their beds were too high compared with those of the 
northern, although the latter have licen elevated recently by 
warping. 

10. Voiu-lusiont from t/if obsercalions. 

The valleys of the great lakes here studied are the result of the 
erosion of the land-surfaces by the ancient Sl Lawrence ( named 
Xuiirenfi'an) river and its tributaries, during the long perioil of 
continentjd elevation, until the streams bad reached their base- 
lines of erosion, and the meteoric incuts ha<l bi'oadened the val- 
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leys, TliiB condition was at the mRximiiui ju8tl>cfore the Pleisto 
cene period. 

The cloaittg of portions of the old Laurentian valley into water- 
basins occurred during and particularly nt the close of the Pleis- 
tocene period, owing, in part, to Drift filling some portions of the 
original valley, but more especially to terrestrial warpings of the 
earth's cruat, which, to a sufficient degree, is measureable. 



THE AGE OF THE CINCINNATI ANTICLINAL. 

By Auo. F. Fokbbtr CanibrldBP, Maait. 
Exposures of Cincinnati group formations in aoutliwestem 
Ohio, even when of considerable length, show a striking horizon- 
tal disposition of strata. Only when outcrops from distant local- 
ities are compared can their <-onnection with the Cincinnati 
lutticlinal axis be recognized. By many this axis is believed to 
have advanceil beyond incipient stages of formation, if not to 
have attained complete development, in Lower Silurian times. 
Kven ripple marks, mud crncks and rain drop impressions are 
cit«d from the Cincinnati group rocks of anticlinal r^ons, ia 
Hupport of contemporaneous shallow water conditions. Accept- 
ing the validity of this evidence for the present, how does this 
prove that shallow water conditions, thus inferred, were caused by 
the presence of the Cincinnati anticlinal axis, and were not also 
prevalent in neighboring regions now forming the lower flanks of 
the axis. Until ripple marlts, mud crocks and rain drop impres- 
sions can be shown to characterize the axial, more elevated 
regions of the anticlinal, and to be alisent from its less elevated 
flanks, no such wide and general deductions can be made with 

ConsiBtent witli the view which places the incipient or even the 
final development of the Cincinnati anticlinal axis in Lower Silu- 
rian times, later strata of Upper Silurian, Devonian and Carlion- 
iferous age, are believe<l to have been deposited, with this 
anticlinal axis as their core, and its debris as the source of the 
materials necesHary to their formation. As evidence of sudi a 
relation a conglomerate in cited already from the base of the 
Upper Silurian formations surronndini; this axis, in tiic Clinloa 
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group west ol Belfast, Highland ooaoty, Ohio. SpecimenB l-oL- 
lected bj Prof. Edwanl Orton, and kindly lotmed to in« by Prof. 
John S. Newberry, show the cement between the pebbles to be 
sbnodaDtly supplied with foeails. A dozen species were recog- 
nized. One of these, iStictopora timilit Hall, baa hitherto beeo 
(leacribed only from the Niagara group of Indiana. The remain- 
der are all well known Clinton forma. Among these are Cydone- 
mu hilix Conrad, Orthit hi/orata Si.:blotheim and Strophonterta 
rfiomhoidalit Wahlenberg, the easily reoc^nized Clinton forms of 
species also occurring in Lower Silurian strata along this anticlinal 
axis. The Ortht» has two plications in the mesial sinus instead 
of three as commonly the ease in related representative Lower 
Silnrian types in this region. All remaining forms are character- 
istic Clinton species, not represented by close allies in Lower 
Silurian strata. The Clinton age of tbe conglomerate is therefore 
undoubted. Tbe pebbles however are unfossiliferous; tbeir ^e 
could therefore not be determined. Still less is it possible to 
designate tbeir source. Thattliey were derived from debris arising 
from Bubafirial parts of the Cincinnati anticlinal axis is purely 
conjectural. Tbeir source may have been in exactly tbe opposite 
direction; it is unknown. The lithological character of the 
pebbles does not demand even an original association with Cincin- 
nati group rocks, since there is nothing very distinctive in the 
mere fact that the pebbles are formed of a bluish limestone. 

The pebbles are drab-blue in color, with the exception of on<j 
pebble wttli dirty white or brownish white tints. The largest seea 
was two and a half inches long with nearly the same breadth, and 
a quarter of an inch in thickness. From this size they dwindh^ 
dovra to small rounded graina Their contours are subangular, 
but their angles are rounded. Their surface is not smooth anil 
even, like that of pebbles subjecteil to continuous abrasion, but is 
marked by pits varjing from a millimeter In depth to an occasi<Mial 
depth of four or five, and a widtti of six or seven millimeters. 
These pits were evidentJy formed by tbe corrosive action of the 
sea. In the presence of active currents abrasion is naturally in 
excess of corrosion, and pebbles formed under such conditions 
would not show the little pits here in question. The Belfast 
pebbles have evidently suffered, before l»eing imliedded, from cor- 
rodivc inftucncos which wei* in extvss* of those of nbi-iiHion. 
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They resemble therefore the limeetODe pebbles of many leas im- 
petoous fresh water atreams where abrasion playa a less important 
part, owing to the small velocity of the current Such an orifcin 
cannot, however, be predicated of them. l%eir presence is cer- 
tainly au^estive of shallnn water condition over this part of the 
Oincinnati anticlinal rcj^ion during the Clinton period. 

Becent examination of Clinton oolitic iron ores has shown that 
in many plat.'es most of the s&oalled oolitic grains are the rounded 
fri^ments of small hryozoa, more or less replaced by iron ore. 
Sometimes the original bryozoan structure is not much altered and 
<Hiiy the cell spaces are filled with iron ore, which also in this case 
probably represents original caldte material, (hat part which had 
penetrated into and filled the cells of the original bryozoan struc- 
tures, drains may be found where both the calcite of the 
bryozoan grains and their cell filling are unaltered; where the 
ciddte of the bryozoa has been more or less replaced by iron wk. 
and is in marked contrast with the unaltered calcite cell-filling; 
where the calcite of the br^'ozoa is but little altered aud that fill- 
ing the cells is more or less replaced by iron ore; finally, where 
the calcite both of the bryozoa and that filling their cells are re- 
placed by iron ore. In the last case tiie replacement may be so 
complete that the original bryozoan structure can no longer be 
detected. It will be remembered that in apeahing of the Belfast 
conglomerate, pebbles were said to decrease in size until the 
smalleet were only of the size of small grains. It is likely that 
some of these so-called oolitic gruns, in which no structure <!aii 
be detected, represent such fragments of older limestones, not uf 
immediate oi^nic nature, now replaced by iron. The general 
cement enclosing tiie grains is sometimes replaced by iron ore. 
while part of the included grains are stilt unaltered; reversed con- 
ditiona are also frequent These bryozoan remains were detct^ted 
abundantly in the Clinton oolitic iron oi-cs of the All^hanius. 
They were examined only at one locality in the neighborhood of 
the Cincinnati anticlinal — the upper courses of the Clinton 
group along Todd's Fork, north of Wilmington, Ohio. 

The presence of these small rounded bryozoan fragments is cer- 
tainly indicative of the contemporaneous exiBt«nce of currents. 
Bach carrents, however, might have been active in the deeper si^us, 
and the existence of currents is therefore no Indication of shaJ/oin 
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water conditions. In tlie present instance Uiere is a probability 
that siiallow water oonditionB loere prevalent; tlie evidence tor this, 
however, is not given by the bryozoan fragmeDt^, but by the peb- 
I'les in the Belfatt conglomerrife. only thirty-two milea southeast of 
the Todd Fork locality. 

Do these (acta prove the existence of the Cincinnati anticlinal 
in Clinton times? Certainly not; they merely suggest the exist- 
ence of shallow water conditions over certain areas in Ohio, on 
the eastern side of the anticlinal crcsL They do not exclade 
similar conditions over Clinton arciis now low down on the flanks 
of the anticlinal. The probability is that shallow wnt«r condi- 
tioEis prevailed from Cincinnati ^oup to Clinton times, in sonth- 
westem Ohio. To what extent tlicse conditions were general in 
neighboring are:is is not shown by the facts cited. 

In the Niagiira and Lower Hclderberg groups succeeding the 
strata just discussed, the general supply of calcium carbonate de- 
creases and that of magnesium carbonate increases. The result 
finds its expression in tlie few layers of true limestones, and in 
the general prevalence of dolomitic roc^ka. In the earlier etrata 
of Devonian age the decrease of calcium carbonate becomes still 
more general, silica and clay ingredients appear abundantly and 
at less fitfnl intervals. The result is the continued appearance of 
dolomttjc rocks, and the increase of shales as characteristic and 
important parts of the geologic series. In later Devonian strata 
the calcium carbonate plan's an inconspicuous part; silica and clay 
ingredients form prominent constituents of the rocks. Even 
dolomitic rocks are scarce or altogether absent, and shales form 
the great mass of later Devonian sti-nta. In Waverly strata east 
of the anticlinal, actual sandstones in which quartz is the promi- 
nent constituent begin b> be prevalent, and in some parts of tills 
formation the quartz grains are of sufficient size to be called peb- 
bles. The quartz pebbles increase in size in later formations, and 
at the opening of the Carboniferous age, strata are found which 
fully merit the title^^uart/. oonglomerates. 

Now it ia evident that the pebbles of these quartz conglomer- 
ates were not derived from the limestone areas of the Cincinnati 
anticlinal axis. Prof. Claypolo has shown a general increase in 
the size of these quartz pebbles towards the east and has inferred 
a source from that direction. It is evident however that none of 
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the sandstones, whether cont^ning quartz pebbles or only eraaU 
quarte gTMns, could have been derived from Cincinnati anticlinal 
r^ona, since the lize of the quartz fr^^ente is aimply a ques- 
tion as to the degree of comminution sustained. The earliest 
sandstones therefore, of Devonian age, are proof positive of a 
source of material different from the Cincinnati anticlinal area, 
gome of the Devonian shales, however, contain minute fr^ments 
of quartz grains readily visible in sections under the microscope. 
The latter of these also could not have come from the anticlinal. 
It is only a question therefore of numerous slides from various 
ahtdes intervening between later Devonian and Clinton times to 
determine the earliest dat« at which the shales of Cincinnati 
group age could no longer have provided the materials for the 
shales of certain later strata. Veri/ mtnul« quartz grains may l)e 
present in Cincinnati group shales, and may have found their way 
into later formations. 

When the rapid suooessiou of shales and limestones in the Cin- 
cinnati group is considered it seems impossible that the great mass 
of Devonian shales could have derived the necessary materials for 
their formation from anticlinal regions without a much more pro- 
nonnced intermingling of limestone elements from that source. 

It is evident that an area which has become a seat of depoeituou 
ceases to be a source of supply to other formations. Thanks t^) 
natural gas excitement, and to Prof. Orton's stcillful utilization of 
Its results, we know that the anticlinal areas of Ohio now covered 
by strata of later than Clinton age show everywhere, at the 
proper horizons, characteristic Clinton strata. Connecting out- 
liers of Clinton age in southwestern Ohio, withneighboringcontin- 
uous sheets of that formation and with each other, the area of 
Cincinnati group rocks left exposed is considerably diminished. 
Imi^ning Clinton strata there where the thicknessof the nearest 
still exposed Clinton areas, and their known rate of increase or 
decrease in thickness, would lead their former necessoiy existence 
to be inferred, the area of Cincinnati rocks atill left exposed in 
Ohio, would be a comparatively small region in the vicinity of 
Cincinnati. Where a geol<^st might reasonably infer the previ- 
ous existence of Clinton strata is likely to be determined lai^ely 
by previous prejudices. There is no reason for denying their 
former existence, even over that area near Cincinnati, where their 
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existence is not neeeiiarily inferred. In neighborinf; puts Ol In- 
^liana similar oonditions prevfuted in axial regions of the anti- • 
dinal. 

The expoeed portions of the Cincinnati group formataona in 
Obio daring later than Clinton times being thus limited to that 
part of the anticlinal immediately adjoining the Ohio river, or 
even perhaps being cmiflued to regions south of this limit, ttte 
area covered b}' the Clinton being still an area of deposition, how 
oonld the anticlinal area supply the immense mass of strata of 
lat«r than Clinton age which cover and surround tiie anticlinal in 
Ohio. I doubt if mathematical calculations would not show that 
the erosion which has taken place over the entire area of Cincin- 
nati rocks now exposed, would be insnfflcient to provide the ma- 
terials for Upper Silurian, Devonian and Waverly formations in 
Ohio and Indiana alone, not considering the great mass <A these 
formatjons in Kentucky and Tennessee. The contiuuons mantle ot 
Clinton rocks in Ohio makes a source from more southern anta- 
dinal exposures perfectly inadequate, while the differmt chemical 
constitution of succeeding formations makes their source from re- 
erosion of Clinton strata also improbable — not consid^ng for the 
present the improbability of much erosion in the Clinton before 
the depoeitiou of the Niagara shales, which are found almost 
above every exposure of Clinton rocks in southern Ohio. Theee 
shales, however, already proclaim a widely different chemical con- 
stitution from that offered by Clinton rocks in these southern re- 
gions of Ohio. 

If the anticlinal was in existence in Lower iSilurian times, and 
provideil the materials for later formations, the character of de- 
posits on the eastern and on the western sides of this axis should 
not be osacntially different, at least in the immediate vicinity of 
the anticlinal. What are the facts? Medina and Clinton forma- 
tions in Tennessee are confined to the eastern side of the axis, and 
apparantly gradually become more attenuated in approaching the 
same, disappearing before reaching it. Niagara formations in 
this state, on the contrary, have a greater development west of 
the anticlinal, become attenuated eastward on approaching the 
crest of the anticlinal, beyond which they do not extend far, if 
at all. The Lower Helderberg occurs only west of Uie anticlinal, 
and also becomes attenuated eastward, disappearing long before 
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tbe axis of the anticlinal is reached. Thia separation of Btmta 
Along the Boothem end of the Cincinnati anticlinal, uertEunly is as 
strong an argument against thit portion of the anticlinal axis hav- 
ing been a source of supply of materials in the formation of tbe 
Upper Silurian strata of Tennessee, as were the facts abora given 
against similar claims for the norUiern end of the same axifl in 
Ohia Tbe Huron shales of Tennessee ag^o cover tlie entdie an- 
ttclinal, Uius indicating that the peculiar eonditjons just noted in 
Upper Siiorian times, had ceased. In Kentacky this separatioD 
of strata by the anticlinal region disappears on going northward. 
In Ohio it seems never to have obtained. 

Although tbe Cincinnati anticlinal could not have provided the 
great mass of materials necessary for the formation of the sur- 
rounding Upper Silnrian, Devonian and Carboniferous rocks, it is 
nc<«ssiiry to determine whether it might have formed a snbaerial 
ridge, withont providing any considorable share of these materials. 
Any land, for a greater or less time above the level of the sea, 
would at least be subjected to the effects of rtun, and be more or 
less cut by ttie water channels, perhaps of a mild nature, along 
which tbe rain would find its way to the sea. The softer the ma- 
terials forming the land surface, the more active would be tbe 
formation of such drainage channels. During enbmei^ence the 
lower courses of the channels would, for a time, be kept clear of 
sediments by the current stilt coming down along that part of the 
channel still above sen level. In the course of time sediments do- 
rived from the land, would cover these submerged channels ; cur- 
rents of the sea, even, might throw bars across them, or build fiats 
or banks over them ; but these subsequent deposits, would still, 
in their gtructure. give evidence of the uneven conditions they 
found when they began to cover up the old drainage channels. 
The presence of these, and similar positive evidences of the exist- 
ence of land conditions over the whole range of the Cincinnati an- 
ticlinal axis, rather than the negative evidence derived from sup- 
posed or real absence of marine deposits during certain periods, 
over this area, are needed to determine this queatjon. It has been 
shown above, that the Clinton conglomerate at Belfast, Ohio, can 
not be used as such a proof, and it Is too limited in occnrrenoe to 
serve as basis for any general conclusions. 

It remains to consider the possibility of the Cincinnati anticlinal 
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not liikvtng been a suba(>rial ridge, and of its not having Buffered 
erosion, but having, on the contrary, had ita exiBteacc only as a 
flnbmei^ed Iwrrier obstructing the passage of sediment-traaaport- 
ing currents. The separation of strata of Upper Silarian age, a» 
described from Tennessee, might L>e explained in this way : The 
facts from tiie northern end of the anticlinal are readilj explained. 
Actual exposures of Medina are doubtfully identifietl at Wilming- 
ton, on the eastern aide of the anticlinal, at Fair Haven, Ohio, on 
its crest, and at Hanover, Indiana, on its western side, the sandy 
strata so identified not appearing at the base of the Clintoa ez- 
poturei farther north in Ohio and the immediately adjacent parts 
of Indiana, at least. The Clinton crosses over from the eastern 
side of the aQticIinal in northern Kentucky and Ohio, to the west- 
em side, and is identified with certainty at Hanover, Indiana, and 
the river counties of Kentucky, just south of Hanover. Cliitoii 
strata, however, with diflfcrent litholt^ical characteristics, are 
menticMied farther south in Kentucky on the western side of the 
anticlinal. The Niagara strata of western Tennessee are recog- 
nized again at Louisville, Kentucky, and with difTerent lithologi- 
cal characteristics ; also at Watdrou, Indiana. In Ohio, od Uie 
other hand, the Dayton limestone alone could be mentioned in 
this connection, and it seems best to state that if the Waldron 
Niagara is represente<l in southwestern Ohio, it has unaltered lith- 
ologlcal characteristics and definite correllation is no longer pos- 
ibie for the purposes here desinKl. The Quelph formations, a some- 
what higher horizon, extend from Ohio across the Cincinnati 
anticlinal to central and northern Indiana. The Lower Helderberg 
strata also extend across the anticlinal In Ohio. Some of the out- 
liers of later formations, still retained near the sources of the Scioto 
and Miami, near the middle of the Ohio portion of the anticlinal, 
rise to such a hight above the crest of that part of tlie anticlinal 
immediately adjacent, that there is no doubt but that the strata of 
which the; are formed also once extended across the axis. These 
facts are not believed to be consistent with the existence of ttie 
Cincinnati anticlinal us an important barrier during paleozoic 
times. 

The striking similarity of fwssil forms in corresponding fonna- 
tiona east and west of the anticlinal is also inconsistent with tlie 
existence of a signilicaut liarrier in those time». Diirinsr the 
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Cliuton period this similnrity is very striking. It is obseneil in 
Guelph, Lower and Upper Ilelderberg periods. Even as late as 
Carboniferous times it would attract immediate attention if the 
anticlinal region be supposed to form a barrier. Thus the shales 
at the base of the Lower Coal Measures near Flint Kidge, at the 
eastern line Of Licking county, Ohio, are full of marine fossils. 
The labors of Prof. C. L. Herrick have shown a striking identity 
Iretween the mass of tliesc fossils and those characteristic of the 
Coal Measures of Illinois, on the other side of the anticlinal. 
The brj'ozoa emphasize those observations, only one or two not 
Iteing represented by forms in the Coal Measures of Illinois. Mr. 
E. O. Ulrieh in a locality at the same horizon near Seville, 
Illinois, has discovered a fauna so closely related to tlie hryozou 
of Flint Ridge that if he had chosen to publish his discoveries 
first, it would have been scarcely possible to give good specific 
distJactions for the Ohio foi-ms. Considering the great variability 
usually shown by brjozoa, this decided similarity or identity must 
be considered striking, even if a barrier such as that which would 
l)e formed by the anticlinal axis, be not supposed to exist. This 
similarity, however, must appear almost incredible, with the anti- 
clinal actually in existence. 

The most valuable information in r^ard to the structure of 
the Cincinnati anticlinal is that accumulated by Prof. Edward 
Orion, and published by him in 1888 in volume vi of the Ohio 
Geological Survey. 

By means of numerous records of wells bored during the late 
oil and gas excitement in Ohio, Prof. Orton was enabled to con- 
struct numerous sections of Ohio strata, with varying degrees of 
reliability, but all sufficiently accurate to add considerably to our 
knowledge of the geographical distribution of certain Paleozoic 
strata in the state. From these sections he constructed wliat 
might be called a contour map, with 2&0 feet intervals, of the 
Trenton as it would look at the present day if all superposcti 
strata were removed. A glance at the geological map of Ohio, 
published by Prof. Xewberry in 1879, would indicate an t ate 
correlation between the topography of this Trenton land an 1 the 
present outcrops of Paleozoic strata in the state. An ext«ns o 
of this comparison to the immediately adjacent regions of I I ana 
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tiiid Hicliigan would bj' uo means dirainUli the importanoe of tiiiB 
vorrolation. 

The dips and strikes of puleozoic strata in tbe noi'th western 
(-orner of Ohio are so strongly conformable to the topography of 
the Trenton ai'ea in this region, and erosion has produced at the 
l>reseDt day mulIi a. tlatt^'ned tt)i»ogmphy, that projections of the 
ontcrops of paleozoic strata are almost available for contour lines 
on tlic contour map of tlie Trenton strain as published by Prof, 
Orton, Thus tlie b^tse of the Huron shale at it« outcrops corr^'H- 
[Kinds to the 1000-foot contour line on Prof. Orton's map. The 
bast; of the (.'omiferous limestone cori'esponds to the 750-fofit 
w>ntour. The base of the Watcrlime agrees in a rougli way with 
the r)OU-f(x)t contour, finding its best expression along the axis of 
the Findlay fold, to be mentioned again later. The discrepancies 
urc due chiefly to the inoi-e hori/onbkl disposition of the strata 
along the flatter regions of the Cincinnati anticlinal, so that irreg- 
nlnr erosion In these flat areas pivMhices stronger impressions on 
the geologicidly colored map, than would be the case if the strata 
had licen more inclined, as they are on tlie Kindlaj' fold. 

Outcrops of str-.i til exposed between western lake Eric and the 
Ohio river along Adams county show similar correlations. Thus 
the base of the Waverly coiTespoiids to the lOOO-foot contour of 
I'rof. Ortons map. The base of the Corniterous limestone, and 
where the Coniiferaus is absent, the base of the Huron shale, cor- 
responds with the Toll-foot contour. Again, the base of the 
Wftterlime corresponds in a. rough way to the .lOO-foot contour, 
this finding its best expression where nearest the Bucyrus fold, 
towaifis the Ohio river. 

Where the base of the Waterlime ontorops follows a course 
more removed fi'om the Findlay fold in the north, and from the 
Biicyrns fold on the south, it might be consiilei"ed to correspond 
rather to the 250-foot contour. The base of the Upper Sjliyiian ex- 
posures, however, corresponds ([iiitc closelj- with the zero or tide 
level contour on Prof. Orton's map. It must be remembered tliat 
this map gives the contoui-s for the Trenton foimations of Ohio, not 
of Cincinnati Croup rocks, which of course show higher levels. 

If these studies be continued it will also I>e found that pala.'0< 
ju>ic strata in western Ohio are more highly inclined and show 
narrower limits of outcrops there where also the Trenton tojrogi-a- 
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pliy indicates more inclined stmta. Tlie maintenance of IVater- 
lime stmta in Boutheru Hardin county in npitc of tbe erosion 
along the headwaters of tlie Scioto is i>erliaps in correlation witli 
the topographical depression of the Trenton on Prof. Orton's 
map. In a similar way, the extension of the Waterlime outcrops 
westward to the western limit of Champaign county may be con- 
nected with the depressions on the correajionding part of Pi-of. 
Orton's map. These later conclusions are perhaps rather forced. 

If now these investigations be extended so as to include the 
reconstructed sections of the rocks overlying the Trenton in differ- 
ent parts of western Ohio, this correlation is still further exem- 
plified. Thus it has been possible to trace out a fold whose a^cis 
extends through Bowling Green, NortJi Baltimore and Findlay, 
anrl which involves all strata from tbe Trenton to tbe Huron shale. 
But it is this Findlay fold which gives such great relief to tlie 
<'incinuatt anticlinal in northwestern Ohio. 

Other sections between western lake Erie and the Ohio river, 
along Adams county, show anotlier pretty strong fold, wliose axis 
lies somewhat west of a line {lassing tlirough Sandusky, Bucyrna 
and Delaware, and tlience southward. This fold likewise involves 
all the strata from the Trenton to the Hui-on shale, possibly also 
the Waverly. This Bucjtus fold is in /(« place tiie chief factor 
giving relief to the Cincinnati anticlinal, defining its eaxtcni lioimd- 
ary in Ohio, Both the Findlay fold and the Bucmis fold in- 
volve formations as high as tbe Huron shale. What is there to 
prove that these folds arc not, tlici-ofore, of latpr age than at least 
the Huron shale ? It seems even possible that they may Iks later 
than the Waverly. 

t'remont and Sandusky are 21 milesapart ; tlie Tivnton attlicsc 
two cities differs 927 feet in altitude. Carey and Bucyms are 23 
miles apart The Trenton here differs 722 feet in altitude. In 
iioth cases the difference in altitude would be magnified somewhat 
if the sections had been made directly across tbe strike of the 
formations involved. Now, what is tbe increase in the thickness 
of the sediments seaward, in this case eastward, corresponding 
with this slope of one foot descent in every 120 to 170 feet down 
the side of the anticlinal ? Practically nothing. In other words, 
tbe folds which now form the chief features of the Cincinnati an- 
ticlinal cannot be supposed to have existed in Ti-enton times. 
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To state tbal the Ciucinnatj anticlinal may have existed at tlie 
close of the Trenton period without the lusiatanc-e of the Findlay 
and Bueyrus folds, bat in a less marked degree, seems like beg- 
ging the question, since Uiese folds practically coostitute the Cin- 
cinnati anticlinal. Since these folds are of later age than the 
Huron shales, and ev^i perhaps were formed in later than Waverly 
times, what reason is there to suppose that the small amount of 
folding displayed in its Cincinnati anticlinal, which remains whei» 
the Findlay and Bucyrns folds arc not considered, took place in 
tjmes soon after the Trenton perini ; that is, iu times later than 
the i^e of Cincinnati group rocks, rather than in times later tfaaii. 
the Horon shale or even later than the Waverly period ? 

As a result of the coneiderations here presented, the conclusiou 
has been reached that the structure known as the Cincinnati anti- 
clinal is a fold of considerable length, formed in later than Hurcn 
shale, and probably later than Waverly times ; and, that for this- 
reason, all formations from the Trentou to the Huron shale, are- 
found to be involved in this fold. This conclusion is chiefly valid 
for Ohio, since almost all arguments are drawn from observations 
made in that stat«. The correlation of this anticlinal with the- 
post-Carboniferous folds of Pennsylvania seems niitural, and is 
suggested by the facts cit«d in regard to the Flint Ridge fo8sil» 
above. 

The thickening of strata, going eastward from the anticlinal, has- 
omong other things suggested the origin of these strata from the 
Cincinnati anticlinal. Taken in connection with wider observa- 
tions they prove the contrary. As a general rule all paleozoic 
formations decrease in thickness in going from the Alleghany 
mountwns westward to the Cincinnati anticlinal. The coarser 
strata, as a rule, also are found in the Alleghany belt, and art> 
represeute<l by finer sediments westwanl. This indicates a great 
r^ion east of the Allcgbanies, as the source for the sediments 
which diminish in thickness westward towards the Cincinnati an- 
ticlinal. 

In the same way, a thickening of formations tjikcs place in cer- 
tain horizons in going northward from Cincinnati to the northern 
part of Ohio. I will refer here only to the presence of the Me- 
dina there, and the increased thickness of the Clinton, as showit 
by wcll-l>orings in the northern part of the state; also, to the 
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vDrrelatioD of thtB iocreased thickness with the change from an 
Hlinost pure limestone to a sMidy rock northwards. This points 
U} a fiecond source of material for certain of the formations in- 
volved in the anticlinal, from a region north of the Great Lakes. 
Again, the increase of the trne Niagara limestones, and later, of 
the Helderbeig rocks in going westward from the anticlinal 
through Indiana and adjacent Kentucky, taken iu connection wiUi 
similar phenomena along similar horizons in Tennessee, suggests 
that in portions of the palfeozoic series, an origin for sediments 
most also be sought in regions west of tlie anticlinal. 

The anticlinal, therefore, instead of tieing itself a source of sedi- 
ment for succeeding formations, seems to have been near the least 
sediment-favored median line of a great sea, into which vast 
■junounts of sediments were depo3ite<l. Most of these sediments 
were dcrive<I from a continent east of the Alleghanies. A large 
■^hare also was probably derived from Canadian areas, then above 
water. During the Upper Silui-ian and, perhaps, also a part of 
the Devonian, a region west of the Mississippi may have been a 
*>nrce for sediment. The coarser sediments were deposited nearer 
the source in each ca.se ; the finer was deposited in regions more - 
■distant The Cincinnati anticlinal, taken as a whole, is a region 
where the least setlimenbs were deposits, since it was most remote 
from these sources. It seems to have formed a line of weakness, 
and hence it was natural that the strong folding caused to the 
Alleghanies by a pressure from the east, almost disappearing en- 
tirely before reaching Ohio, central Kentucky and Tennessee, 
should find a last expression in tlie Cincinnati anticlinal. 

The purpose of this paper w&s to discuss the age of the Cinein- 
fiati anticlinal. A fuller examination into the various statements 
following this dismission, must be reserved for another time. 



THE "HERCYN-FRACE" AND THE HELDERBERG 
LIMESTONES IN NORTH AMERICA. 
John M. Clarke. Albany. 
Dr. Nov&k has ht-on the strongest supporter among the Bohe- 
mian geologista of the propositions involveil in the " llercyu- 
Frage," as suggested bj' Beyrich and more fully elaborated by 
Kayscr, and lie is the first to undertake a comparnti\'c stu<ly of 
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any single faunal element in the various developments of the Her- 
cynian. This Hercj-nian discussion involves primarily the trans- 
ference of a certain fauna in the northwest Hartz, considered hy A. 
Bcemer as upper Silurian, to the Devonian and as one of its conse- 
quences, the subdivision of M. Barrande's ' ' Silurian Basin " in Bo- 
hemia, leaving the Silurian to tenninate with his ^tage e, or with/, 
and referring f^. g^ + ^ and perhaps also ii to the lowest Devonian. 
The controversy over these and other issues of the questicm baK 
been prolific iu literature for ten years post* and has an important 
bearing upon the Lower Helderbei^ fauna of North America and 
its relaticHis to the normal Silurian (Niagara) and to the Devo- 
nian. Dr. Nov&k's work does not, unfortunately, aim at com- 
pleteness. He has brought tt^ther certain trilobites occurring 
in the Rhenish and Westplialian Hercynian and with them coin- 
pared similar or i<lentical forms in the Bohemian. Not all the 
species or genera known from the German localities ore introducetl 
nor are some important Hercynian genera brought into considera- 
tion at all (notably Dahnaiiiiet). The foil Awing genera are dis- 
cussed : I'roeiut, Arelhutiitn, Tropidocori/pAe (^new), Pheetotiellus 
(new), Cyphagpio, Ci/pha»pideg (ncv), Phacnpt, Ilarpet, Lichas. 
Acidespu, Ckeirurui and Bronleiis, and remarkably high percen- 
tages of the forty-one species and varieties described nre found 
common to the <>erman and Bohemian localities. Without enter- 
ing into the special bearings of these discussions there are some 
facts elicited which have an interesting relation to the trilobite 
element in American fauutis of equivalent value. The great de- 
velopment of the Pi-Qi'ti ( nine species and oue varietj- ) is in sharp 
contrast to their meager representation in American faunas prior 
to tliose of the l!pper Ilelderlierg. and in consonance with their 
remarkable abundance and variety in these latter faunas. Of 
these proijtids lertain characteristic types ai* present both thei-e 
and here. The most prolific tlieni being species of the typical 
group, i. e,, conforming with the structure of P. ciirieii in hav- 
ing a regularly convex truncatc-orate glabella extending from 

*Tho writer has Riven a resume of Uie more imiiortaiit phases of Ibis 
discugsioii III the Rejiort, of ilie State Ocologisl of New Yorl( for 18.t». 

*N"OYAK. Vcrgli'iclieiide Stiidlen an ciiiifrcn Trilobiteii aus deni Her- 
cyn von Bick<?ii, WildiinKei), Ore i fen sic in mid Mlimpii. Dameii and 
Kiiy.-«'rV l'BliU)iit^logl.*chi> Abhsndliin(t('ii. :<(!iip Folgi>. Hiiii 1, lli'ft S. 

4fl[.[l...-) IllHtfS. ISltu. 
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occipital riag to anterior bonier, with furrows aud lobes faint or 
obsolete, rounded genal ang^les and relatively broad rhacliis on 
the pygidium ; a t}'pe not common in America, but representt^l 
in the Lower Helderbei^ by it« only species, P. protiifierang Hull 
and in tlie Comiferous limestone by P. foUir-rpii Hall. A second, 
less abundant type is that of P. ereniiui Barrande (etage/,), chartu'- 
terized by the shorter, more subquadrate, depi-essed and furrowed 
glabella, and especially by tlie short pjgidium with narrow, acute 
rhachis and obscure pleural anDulations ; with this maybecom- 
p.\red the P. oirffcent Conrad, of the Niagara group, probaby 
the only representative of this phase of structure known in our 
faunas. A thinl is that of P. Imhap/eli NovAk, ( .Koiiin Burmeiu- 
t«r)with violin-shaped glal>elta and spinous genal angles, »s in 
P. crinalicufatu* Hall of the Comifei-oiis limestone ; a fourth. 
P. ira>'hc/imi<Iti Novftk, which seems in most respects to exemplih" 
the type of struc-tui>e represented most abundantly in our PahMi- 
zoic faunas, as shown in P. niiijiiitlfn'iu Hall of the Schoharie grit. 
P. cl'irus Hall, of the Comiferous, P. mwC Green, P. pntuti Shu- 
mad, P. pkiicioii Billings. P. nev/nt-r Hall, of the later Devonian. 
A fifth type <>t stnicture is P. JilirnnUiiiit Xovftk, which is re- 
markable for its broad, flahcllat*' prgi<liuiii and rapidly tapi*rin$r 
glabella, diameters which the author h:is considered of such dis- 
tinctive imix>rtnncc that lie li:is pro|y>sed to designate tJic gn)Up 
which it represents by the neiv term Triijiidwori/iJie-Prinaopf/ii* 
Corda, in part. Willi these forms may he comjtared the P. plcni- 
nutnjiii'ilat Meek, of the Comiferous limestone. Another and 
sixth type of proi'tid ntnicture is rcpresi-ntud by P. phmicnvl't 
Barrande, a form with fimbriated pygidium, luit differing from 
P. 'irc/ii'tci Barrande, and other six>cies l>elonging to Ihe subgenus 
Phtrloniilea Barrande, in the ahorter rhachis and fewer annuhi- 
tions of the pvfiidium. For this gi'onp. ix'pivseulcd by the form 
mentioned and P. di-itfiitiilw Xoviik, the siiljgeiierii' term I'/kc- 
('irt'-Z/iM is propose*!. It is pi-oliiible that tlie P/nri',ii tJ, iitiru/'ifiin 
Meek, from the Devonian of Xctvada, is a member of the same 
gnmp. while it is a matter of doubt whether typical forms of 
Biirrande's Ph.,l..„-PluFt.„-!,l.'s (not Ph.ctmihh-s .\ngelin ) have 
been found in our paleozoic faunas. The author establishes an- 
other new generic group, Ci/p/itiipi'li*. which is based upon a [K'cu- 
liarly sulw|uadriite pygidium having in general the wtructiirc of 
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that in I'roetiu, but with the exti-emities of the abruptly reflected 
annulatioDS produced into short spiaeii. In thia genua, of which 
much is to be learned, are included Ave species from Bohemia, 
the Rhine and the Ilartz. 

Cyphatpis appears in one species ( C. hi/drocephahi Rcemcr ), a 
near ally of C. miniiscula Hall, of the Gorniferous llmeatonc. 

The reappearance of the genus Arethusiiia from the mid<lle 
Silurian is a feature of interest. 

The species of Fhar.opt all have the peculiarities of the early 
ix^prcsentativea of the genus, well defined, linear glabellar furrows, 
and grooved pygidial plenrw, being in contrast to the later repre- 
sentatives in which tioth characters are obsolescent. The species 
of the Lower Helderberg, Oriakany, Schoharie grit and Comifer- 
ouB limestone arc all ])rovided with these features, while F, logaiti 
the abundant speeies of the Lower Helderberg, alone haa the 
lobation of the lateral mat^ins of the axis which charocterizea 
P. hreiicfpg of f'tage /^. The form described as Pliacapt ef. 
Zorgeiigio Kay.ter has the snbpeott^^onal glabella charac'terizing 
an tindescribed species in the Oriakany of Sew York. 

Lichat kuueri is closely allied to L. plifoiiuriu Hall from tl)C 
Coralline limeatone (Siugura) of Schoharie, N. Y. , and L. 
( Argef ) muiireri ia repreaented in the Comiferous by Arget coatu- 
im Hull. In Acidmpin veswufota Beyrich we have a type of 
Mtructiire which was designated by Corda. as Traptlocera and by 
Warder as CfriUocep/i(tIa. The group has but a single known 
I'opresentAtive in American faunas, A. danai Hall, of the Niagara 
Ktoup, n synonym of Ceralocepkala goaiata. Warder. Acidaspi* 
pigra Barrandc, differs from A. cidli'-era Hall of the Upper Hel- 
tlerbei'g in minor res^^ect^ only. 

Croltdoctpkalnii (cordtii) ia represented in the Niagara fauna 
by C uiagureutU Hall, but with this species the existence of the 
f VietrwriM-type oudoil, as far as known, in our Palteozoic. The 
abundance of BniHlcui with spinous pygidial margins, is a feature 
emphaaizing the Devonian value of the faunas. This type of 
structure {Tlii/siinopelliK Corda) attains a maximum development 
in the later Devonian, and with us, is represented in the B. lul- 
liitu [lull, of the Tally limestone, while it docs not appear in any 
of the earlier faunna. The Niagara species and the Lower Ilelder- 
berif. B. l/nrrnndii Hall, have smooth-inai^ined pygidin anil of 



■jGoogle 



JTatitra/ and Ai'tijieiaf. T^fitzeet. — /"eet. 113 

tlies^' forms we finil a representative in these Hen'yniaii ai>cciee in 
the B. domatzeri var. apptaiuttiu Xovak. On the whole tUe com- 
{xirison of the llercyniaa trilobites tliBCUSSsd bj' Dr. Nuvdk with 
their American equivalents lirings out several important points of 
«)iTe!ation with our tj'pical Silurian ( Xi^nra ), acme with the 
Lower Hel<lerl>cTg, but most emphaticatly with ttie limestone fau- 
nas of the Upper Ilelderlierjj. 



NATURAL AND ARTIFICIAL TERRACES. 
Hv Strphkn D. Pkkt, Ph. D.. MpiiiIoii. III. 

The subjeL't intnxiuced by tlie title ^iveii almve lins been 
<1is<.'ii9sed in the pitgOH of the American Antiquarian until tJio 
<lnn<!:er of dt^matism on lH>th sides suspended it, and the advice 
vtm ^iven, let iis seek for more fiicts. It may seem a puerile 
<'nquirj' but the writer presumes ujwn the candor and charity of 
the geoli^istH t4i put the case briefly Iwfoi-e them foi" further 
exiuniDiltion. 

It -might her(> l>e stikteil timt Ohio is the state in which arehteoL 
<i;;ists have olahned that they liiive discovered artificial t^rrotres, 
(uit it is also the state in which natural terraces are very numemus, 
some of which are quite likely to be raistakcn by unskilletl ob- 
servers for artificial wortcs. The first case of this kind which has 
jTOue inb) any reconl was that which has now become very 
familiar, namely the well known terraces at the southwest ix)rner 
of the enclosure at Ft. Ancient The authoi's of that extremely 
valuable iwrnk, ■■ Ancient Monuments," Messrs. Sijuier and Davis, 
inalntalued that this terrace was a platform placed on the escarp- 
inuut for the sake of dcfendinjf the foi't from attack and for the 
8iike of keeping a watch of the river bank which is still so 
plainly viHihlc from the Hi>ot. These artificial ternices are lai<l 
ilown on nil the mapH and diagrams of the fort an<l very few have 
undertaken U> eorn-ct the ern>r for the very i-cason that It is still 
tincertnin whether it Is an error or a conect observation. Still in 
reference to these platforms we may say that every attempt to 
prove them artlHclal has, U> our mind, brought out more clearly the 
proofs that they were natural. To illustnite — Mr. Warren K. 
Moorliead in his recent book on Fort Ancient mentions the ter- 
races and then goes on to say that terraces similar to these are 
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foun'I nt several plaeos in immediate vicinity as follows: on tb& 
hack of the river opposite, on Mr. Ridge's farm, and on Mr. 
Cowden's place, but lie states that the hight of each terrace is 
about the same, varving from 135 ft to 137 ft. above high water. 
Mr, Brown, the editor of the WayneBville Gazette, once took the 
writer around among these terraces and from these to others ten 
miles away on Ceesar's creeli, and near Waynesvilie, The result 
was tlmt each terrace was shown to have about the same general 
level, and to the writer were plainly natural. 

There are, however, those who stjil insist that pottery anil 
arrow heads and the remains of encampments are so common on 
these terraces that they must be artificial. It is also maintained 
that the Indians knew atxtut these terraces, and that in marching 
against a tribe they would traverse a terrace as far as it extendwl. 
All that we have to say about this is that Indians did not throw ujv 
highways along the sides of bluffs to march on, and it wonld be 
altout as reasonable to say that Indians built railroads, as to 
maintain that they built these terra«^es as roadways for themselves. 
The fort near which these terraces are seen is, to Iw sure, the oili- 
est of the two forts, anil was, as Mr. Moorhead states, for a long 
time the site of an ancient village. It is the opinion of the writer 
that the people whobnilt this -old fort " were the very people who 
bnilt tJie great Ser|>ent Mound and that they were a very wild' 
race, in fact were serpent- worshipers, but the people who btiilt the 
new fort were a niucli more cultivated (leopie, i^ricnlturista and 
sun- worshipers, yet neitlier of them were advanced enough to 
ert;ct aitiflcia) terraces like these. The geologist will be able to 
tell lis sometliing about tiie causes which woi-e at work when thesi- 
npix-r terraces were formed, and they may possibly help us to 
solve the problem an to the time when tiie fii-st rnceii of Mound 
Builders were likely to have come on the sh^re of action. The 
terminal moraine we undei-sbind e\t«'nils down into this region on 
thi- Ohio, and the i>aleolithic |>eople. so called, are supposeil Ii) 
have followed up the ice slicet and to have dropped their rude 
weapons inti) tlie water or upon the ice. the gravel proving to Ij"> 
the safe depository for tln-m until tlie days of railroads and 
moilern modi tl cations of the earth s surf ace. Tiie •• disturlieil" 
gravel Rfveals the early advent of man, though whether lie wiv* 
the ancestor of the Kskimo or not is now unknown. 
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There in, according to aruliteolc^', a wide gap betwwii tliese 
Eskimo paleolithic fishennen or "Littoral" people and the wild 
hunters of the forest who first erected their moumls al>ove the 
terraces; and this gap we are now anxious to fill up. In Kuropi' 
the Reindeer period comes in l>etween the gravels and the mounds 
nod the episodes are found in the various caves and their contents. 
In this countr}' we seem to have a. Mammoth or Mastodon {>erioil 
overlapping the gravel beds and coming down vcr}' near to the 
time of the Slound Builders, but the reindeer seems to be alisent. 
We have in addition tlie caves which have recentlj- l>een discov- 
ered In Kentucky near the Mammoth cave with its 2000 repute) 
skeletons to examine. We have also the peat swamps of Itlichi- 
gan and of northern Ohio with their various deposits of masto<lon 
bones closely associated with arrowheads and traces of Are. We 
have the various thick-skulled and strange-looking waifs whii'li 
turn up occasionally among the mounds to show that there was a 
race which intervened between the so-called Eskimo fisherman of 
the (ilacial period and the early hunter of the Mound Building 
period. It may be that during the Pleistocene age these natural 
terraces were occupieil and that some relics may yet Ite found on 
them which wil! prove to Ix" those of the very early race which in- 
tervened l)etwi«n tiie gravel l>e<ls and the mound period. 

In reference to the survival of the mammoth or mast^xlou to ttie 
time of the Mound-biiiklers, periiaps a word or two may lie pro|>t r. 
Here the subject i>f terraces helps us but little, an<i yet thei-e is 
a hint from them. The <'elebnitcd Elephtint mound, which is now 
destroyed, was not on any t«rmre ; Imt wits in a swale, and so low 
down in the swale, that the higli water fi'efjiicntly overHowwl the 
surrounding land. The writer has visiteii tiiis 8|K>t several times. 
Tiie last time hehad the opportunitj' of seeinjt the effljiy broufflit 
out in relief by the ci-oj) of clover which was growing on the ■ele- 
phant, " but whicli liad been killcil out i)y the high water on all the 
land adjoining. 

The elephant must have iH'en exceeilingly nxHlern. tdioiit as 
modem as the buffalo, if this efflgy was a genuine imitation; Imt 
the writer Ix-lieves tliat the liear or buffalo whs the tribal totem of 
this region, and that no injLsto<lon was known to the triiw who left 
the etligies on the si>il. Kvery ■■ elephant" has l>een c.xpiodHl, uu<t 
even elephant j>Lpes aiv exceeiiingly doubtful specimens. Still, 
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the elephant or mastodon may be found along with the remains of 
man before the Monnd-builders, and some of the terraces may jet 
rtjveal the two together. 

It should be stated that the river- terraces which stretch down 
from the second glacial moraines toward the track of the first gla- 
cial bed, are all covered with traces of both mound-builders and 
Indians; and, superficially considered, they furnish no evidence 
(if the intermediate race. 

There are, however, some interesting facts about the terraces as 
modified by humau action. The writer once visited a spot on the 
('uyahoga river in which the beautiful scallop work was traced 
from hill to bill, each scallop being the fragment of a terrace. 
Standing there in company with several archffiologists, who had 
tieen preparing for the great Centennial Exposition, in which Ohio 
prehistoric relics figured so conspicuously, the little company 
iiioked at the ground on which thuy stood, and found that it «as 
nctually a truncated pyramid which hod been artificially wi-ought 
out of an outlying fragment of one of the terraces, and was a most 
beautiful piece of artificial earth cai-ving on a large scale. The 
summit was level and the sides presented a smooth and even slope 
with angles accurate, and the whole remarkably symmetrical. At 
the time referred to, the company seemed to be sceptical about the 
iirijfleiul cliaracl4^T of this work, though the moulding of natural 
terraces or fragments of terraces is not uncommon. The writer 
has xincc then seen so many evidences of artificial handiwork in 
<i>nnecti»n with natural eminences and ridges, that be has ceased 
to be surprised. Ridges of sand will sometimes be modified so as 
to resemble animals, River banks will be noticed with rows of 
mounds or effigies parallel to them. Bluffs will have semblances 
til birds, serpents and other animals, and the artificial work on 
the summit will make the semblance all the more striking. It is 
91 fancy with the writer that the sides of certain hills have been 
uiodificil to bring out the " Phallic Symbol " and that a rude 
moulding of the terraces and escarpments was sometimes prac- 
ticed to show more fully the animistic conception which maile the 
bluff or cliff or drummel or even terrace tlie alxxle of the great 
spirit of all the animals, the totem of the people who inhabited 
tlie region. 

We have followed the terrace up from the palcotithk' jriiivel to 



■jGoogle 



Jointed Earth- Auger for Explorations. — Da/rton. 117 

the iotermediate cave period and from that to the mound period, 
and have found each ^e full of problems. The awamps and 
swales and low lands were frequented by Indians. The sand 
ridges, the " cypress ewamps," the first, second and third ter- 
races along the river valleys were occupied by Mound Builders 
with their villagee on the rich plains, their forts on the^high bluffs, 
tiieir pyramids rising out of the flood plains, bnt there is nothing 
to distinguish the age of any of them except the faint traces of a 
differentiation in their art aud architecture. Possibly the geolo- 
gist may discover in the cute and erosions, and beneath the loam, 
in the peat beds, among the shelter caves, in the grottoes or be- 
neath the gravels that part of the record which has so far bafUed 
us, and will help the arclueologists solve the problem of man's ex- 
istence on this continent 

We do not claim the terraces to have been artificial, we are not 
sure that many of them have even been moulded, but the remains 
and the tokens of man are upon them and beneath them, and Iratli 
the geolt^ist and the archieologist may study them. 



ON A JOINTED EARTH-AUGER FOR GEOLOGICAL 
EXPLORATIONS IN SOFT DEPOSITS*. 

Br N, H. Dabtox, U. S, Ueoloeloftl Surrey. 

In the ninth report of the director of the U. S. (ieol. Sui-vey 
for 1887-8, Mr. W. J. McGee briefly described a jointed eurth- 
auger which he employed successfully in exploring the superficial 
deposits about Iowa City. In my investigations in Atlantic 
coastal plain geol<^y, I have used the instrument with great satis- 
faction in boring to depths from five to forty feet, and I now wish 
to describe the details of its construction and use together with 
some modifications which have greatly increased its efficiency. 

The improved form of instrument consists of an auger bit ; a 
number of three-foot lengths of one-fourth-inch iron pipe ; a cross- 
bar liandle, all with threads and couplings for connection to any 
length required, a pair of pipe tongs and a receptacle of some kind. 

The bit should consist of an ordinary' one-and-a^hatf inch car- 
penter's auger with two or three whorls of double spirals, welded 
to a one-half-inch iron bar to extend its length to three feet 
*Resd to tlie Qeologlcai Society ol Amerlcu, Di^c. 30, 1600. 
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.'^hdrt plugs of one-fourth-incb iron bar foiled into tlie ends of the 
))ilM'8 liofore they are threaded, greatly increase tlie strength of the 
instrument, for the greatest tranversc strain is at tLe couplings. 
:Soliil bar may be used for the lengths but the strength of the 
t>iping with plugB is practicall3' as great and the weight is much 
less. Tlie coupling on an end of each length should be screwed 
\ya very tightly and galvanized couplings are preferable on account 
*>f their greater strength. The cross-bar should l>e forged from one- 
half inch iron ))ar with handles al>outa foot long on each side and 
the vertical stem about an inch long with a coupling screwed on 
very tightly. The adjustable gas Uiag* No. 1, are better than 
:!uiy form of pipe xcemches so far as my experience goes for they 
ai-e h(ghl\- effective and not liable to get out of order. A base- 
li:ill-)int I)ag is a aatisfactorj' receptacle for the entire outfit for it 
ivill hold fi-om twelve to fourteen lengths without difficulty and is 
funvcnient \ai handle. 

Ill use the bit is extended liy screwing on length after length 
until the <Iesire<l depth is bored. Care must be taken to make 
the jointH as tight as possible for it is frequently necessary to un- 
screw the l)it from the material in which It is being bored and 
sriinetimes it becomes quite tightly wedged. Usually the instru- 
ment must be withdrawn from the hole at about each six inches 
anil the Iwrings removed. In very compact materials less, and in 
ioiise soft sands more, can l>e brought up each time. Below a 
depth of twenty-one feet the rod should be disconnected into two 
si'ctions each time it is raised unless there are some convenient 
1iranchen or projections overhead against which its upper part 
may lean. 

In pebbly materials progress is very unsatisfactory or impossible 
unless the i>clililcs are very small. Quicksand is another adi'erse . 
condition, an<l of course no progress coidd be made in lithified 
materials of any appreciable degree of hardness. 

I have made borings down to a depth of forty feet but if the 
texture of the materials is favorable and the rod is disconnected into 
thi-cc sections each time it is brought up, ( every three to eight 
inches ) a much greater depth could probably be attained. The 
Jalior of working the instrument is not great if care be exercised 
not to bore too deeply at a time and although one man can make 
i;<>ocl progress in soft materials it is economical to ha^e assistance. 
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TUe d^ree to wliii-li n vacuum is formed l>eloir tUe uugcr when it 
it is being raised depetuls of course on the natiii'e of the waits of 
the boring and the materinl on the uugcr, )>ut In depths to forty 
feet I have seldom found the air pressure very great and never »n 
insuperable obstacle. 

The iustrument is simple and inexi>enHivo and will prove a use- 
ful means for obtaining data in regard to soft deposits at miHlernte 
.lepths. 



CONTRIBUTIONS TO THE GEOLOGY OF THE 
SOUTHWEST. 

Bv RoBT. T. Hitr., AiiBliii. 
[NoTB,— Theee papeni will vmitain brief annininremciitx of tlio reniiltH of scieii- 
tiliR eiplonktloii 111 the Texas Resioii of tlieliiii(«<lSull«H, to-wil: Mnitliern Indiaii 
T«rritor)', Boiitlinest Arkaiinos, Texns, easlPni New tlexicoandnorllieni Mcxim).] 
Tlie altitude of Mount Scotl. — Mount Scott is one of tlie higli- 
est {leaks of the Wichita mountains. It is situated about 12 
miles west of Fort Sill, on the Comnnehe rcsenation in Indian 
territflry, and consiata entirely of massive granite, inostlj- coin- 
Ijoaed of red feklspur. I ri'cently measuretl this mountain witli 
the assistance of the U. S. signal ottlcer at Fort Sill, who made 
mercurial readings while I elimtwd the mountain with my aneroid. 
Altitude of summit 2H05 feet ; altitude of plain at base of motm- 
tain, Fort Sill signal station, 1,200 i altitude of lied river, sixty 
miles south, 750, 

.1 new Silurian arm •>/ the Unitml St"''-'. In the central |>or- 
tion of the {'hickasaw nation extending from Wah|)emick Acad- 
emy to Duncan, including the Arbuckle mountiins, there is a 
grand development of Silurian limestone and shales, of various 
ages from Trenton to Ilelderburg, as determined by Prof. H. S. 
Williams, from fossils sent to him. and perhaps later or Devonian. 
These will Ije descrilied by tlie writer in the next issue of the 
Geoiakjibt. 

The age of the Comnncke Seii'es. The Nintli Annua! Keport of 
the V. S. Geological Sur\'ey announces that Dr. C, A. A^'hit* has 
l>een continuing his investigations into the Comanche series, "the 
age of which he determined last year. " To one like the writer 
who has been studying these rocks for many years for the purpose 
of ascertaining their age, the an noun cement of Dr. ^Vhite's deter- 
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minatioD will be interesting, especially since lie no longer eou- 
siders this great series n southern deeper eoiitiauation of the- 
Meek & Hayden Series, as was hie publisLed opinion when the 
writer first had the pleasure of pointing out these rofks to liim in 
1886. Prof. P. W. Cmgin, who has l>een studying these rocks in 
southwest Kansas, where they occur in very different conditions 
from Texas, in the last issue of this magazine, p. 23, has de- 
cided to drop the name Comunche aeries, and call them Neo- 
comian, after Maruou; so far have his studies pi-ogrcssetl. The- 
writer must confess that, from his own <»ntinuou8 atiulies of this- 
great series he still feeU iin<lecidet1 as to their actual synchronism. 
and considers the terra, Comanche series, fli-st proposed by him, 
still the most appropriate until more complete investigations ars^ 
made. 

Crvtaceou» Inliers. The great erosion to which the surface of 
the southwest has been subjected reveals a number of inlici-s of 
upper Cretaceous beds in the Eocene area of Arkansas and Texas. 
All of the Cretaceous outci-ops of Arkansas are of this nature, 
being seen only where the post- Cretaceous beds of the Marine- 
Eocene and Plateau Gravel (Quatcmai^) epochs have been cut 
through by the drainage. Many of these inliers occur in the- 
Eocene ar^a of Texas, notably at the Fricse place, in Bowie 
county, near Palestine in Anderson county, and at other places- 
as have been described by Lawrence C. Johnson in his report on 
the Tertiary Iron ores of east Texas. It is an interesting fact that 
all of tliese inliers are in the direct strike of the beds of the 
Gtauconitic division of the Upper Cretaceous, only tiie base of 
which, as at Corsioana and Webber vi lie, are exposed in the eastern 
edge of the main Cretaceous area, thus showing that the great 
beds of that division, which is the equivalent i>f the Ripley — 
rotten limestone — Tombigbee division in Alabama, are still mostly 
buried beneath the Eocene overlap in Texas. 

A JVew Source of Artetiaii water tii Texas. In the Araertcaa 
Journal of Science for April, 1887, the writer published the pre- 
liminary announcement of the Fort Worth-Waco artesian area, 
which is now known to extend from Dentou to Del ttio, a distance 
of 500 miles, and to be one of the most prolific artesian areas in 
the world, several hundred wells and numerous rivers which have 
their origin in fault^pnnga like those at Del Rio and San Antonio. 
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showing no appreciable diminution of tlie supply which has its 
source in the Trinity sands at the base of the Comanche series. 
During the past two months from the wells at Pottsboro and 
Dallas, I have discovered that the Dakota sands are also the source 
of anothei valuable artesian area, which although not so extensive 
as the Forth Worth- Waco area will prove of great economic value 
to Texas. 

' ' Llano Estacado "or " Staked Plains. " An interesting ques- 
tion of nomenclature is whether or not the nnme Staked Plains 
should not be dropped from geographic nomenclature as the de- 
scriptive name for the great mesa to which it is applied. One 
popular apology for the use of this term is that early travelers set 
up stakes to mark their roads over these — then considered — 
waterless wastes. Another ia that the term alludes to the staS- 
Itke stems of the Yucca plant which resemble stakes projecting 
above the ground. Neither of these hypotheses, however, will 
stand the test of application, for the traveler could not possibly 
have secured on the absolutely treeless plains timber wherewith 
to make his stakes, and the Yucca does not grow upon them. 
Upon the other hand, a glance at the Spanish dictionary will show 
that it will be impossible to translate the word "estacado" to 
mean a stake, but Hipon the contrary it means exactly the oppo- 
site — a. palisade or wall, which is a most appropriate descriptive 
term for the Llano Estacado, inasmuch as it alludes to the sharp 
declivity or face of the escarpment which in many places marks 
the edge of these plains. In view of these facts is it not as er- 
roneous to use the term Staked Plains for the Llano Estacado as 
to write the name L'Eau Frais, "Low Freight, " as Is done upon 
Cotton's maps of Arkansas? It may interest some to know that 
instead of being waterless, these great plains are now known to be 
one of the greatest water-bearing formations in America, over 
1,000 wells already having been trored, furnishing an abundance 
of water to the rapidly increasing population. 

The Dakota Sandglone in Arkantat. I have connectc<l the 
Arkansas area of the Cretaceous with Texas in the past season's 
field labor, and in the course of these investigations mapped out 
the extent of every terrane in southern Indian Territory and north 
Texas, besides visiting alt the historic Cretaceous localities, such 
as the Plains of the Kiamechia, from which the original type speci- 
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mens of Gryphna pitcheri Morton were collected and sent to Dr. 
Morton, and old Fort Washita, in Indian Territory, where Mr. 
Jutes Marcou made his observatious, and all the localities men- 
tioned by Drs. G. G. and Ben]. F, Shumard. An interesting 
result of these labors was a complete study of the stratigraphy of 
the Dakota sandstones which were first rec<^!;aized by Dr. B. F. 
Shumard In 1860, from fossil leaves at Denison, Texas.* These 
beds, I found, have a grand development from a few miles east of 
Gainesville nearly 2(70 miles east into Arkansas, where they out- 
crop in a single locality in the bed of Little river, as described but 
not identified on p. 182 of my report on the Neozoic geology of 
southwest Arkansas. Red river flows in the strike of these beds 
all the way from seven miles east of Denison, Texas, to the old 
Paris Fort, Towin Ferry, grand exposures being seen beneath the 
river alluvium and Quaternary- beds in all the bluffs. At Arthur's 
ferry, where the St Louis and San Francisco road crosses Bed 
river are magnificent plant beds abounding in innumerable indi- 
viduals of all the typical Dakota dicotyledonous leaves. In addi- 
tion to this flora, there are interesting occurrences of molluscs 
(which are rare in the northeastern United States), which will give 
great light on the paleontology of the Dakota sandstone. The 
relation of these beds to the shallow and somewhat similar litho- 
logic beds of the uppermost Lower Cretaceous is clearly uncon- 
formable, although casual observation would do doubt lead to 
their confusion. This tongue-like extension of the Dakota, east- 
ward, clearly is all south of the Wachita mountains, and gives 
new light on our Cretaceous history. 



MEGALONYX IN HOLMES COUNTY, OHIO, 1890. 

By E. W. C1.AYP0LB, Akron. O. 

I. 

About the end of December, 1890, there appeared in a local 

paper, the "Mitlersburg Farmer," a notice of the discovery of 

some lai^ fossil bones in a swamp near tiiat town. Supposing 

tliat they belonged to the Mastodon whose skeleton is frequently 

found in an imperfect condition in the swamps of the state, I 

•Trana. Auad. Scl,, St. Louis, Vol. II, p. 153, 1801. 
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trac«d the coromanication, and Becnred through the coortesy of 
its editor, Mr. Qt. F. Newton, & copy of the paper in which men- 
tioa was made of large claws and the belief expresHcd that t^e 
bones were those of Megalonyx and not of Mastodoa Further 
correspondence elicited a letter from Mr. W. S. Hanna, prosecut- 
ing attorney of Holmes county, by whom the identification had 
been made and fully confirmed the t>elief above expressed. I then 
visited Millersbui^ and on Jan. 10th, in company with Mr. 
Hauna, went out to the place where the bones had been found. 
The swamp in question lies about seven miles to the northeast of 
Millersbmrg on the farm of Mr. Drushell, and it was in the course 
of digging a ditch for tiie drainage of the same tltat the ttones 
were discovered. Great care and intelligence had been displayed 
in extricating them by all the parties concerned. The bones were 
in excellent condition, and had been thoroughly washed with hot 
glue by Mrs. Drushell to preserve them. They showed no ten- 
dency to crumble and were nearly as heavy as if recent aud dry. 
The first glance left no doubt regarding their nature. They were 
really, as asserted, the bones of Megalonyx. The owner gave me 
full permission to make all the notes and drawings desired, and 
from what I saw and heard the following account is drawn up. 

I. The hoTUM found. 

The following coottuns the anatomical details of the find : 



Femar, 


two; about twentjr 


Tibia. 




Radios, 


cue; 20 Inches. 


Fibula, 


two. 


Clavicle, 




Patella, 




Vertebras, Inmbar, 


three. 


caudal, 




cervical? 


one'; broken. 


Calcaneum, 


two. 


Hyold, 




Phalanges, 


nine, excluding cli 


Metacarpals and 




Metatarsals, 


five. 


Carpala and Tarsals, 


twenty-two. 


Ribs, whole, 


three. 


broken. 


five? 


Claws, 


eleven. 


Teeth, 


three. 



Al&gether about 80 bones have been recovered from the swamp, 
of which nearly all are in excellent condition. The skeleton is 
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therefore still very far from complete. The total nnmber of 
bones must have been nearly 2&0. About two-thirds are conse- 
quently still missing. 

It will be notioed that the list shows only five out of probably 
50 vertebrffi, and no part of either skull or pelvis except the three 
teeth. The second tibia is missing, also one radios oaA both 
olnas, besides many of the smaller bones and fifteen out of the 
eighteen teetb. There can be little doubt that some if not most 
of these will be found when the weather permits further search. 
At present the work is suspended, but it will be resumed later. 

The animal's hind l^s lay close to the north side of the ditch, 

and would have been missed had it been dng a little fartber to 

the south. But on striking the first bone the interest excit«d led 

to extensive digging, and one after another was brought to light. 

IL The ground. 

The ditch is dug through peat to the depth of six feet where a 
layer of shell-marl occurs, and on this or slightly embedded in it 
lay the skeleton. The plan pursued was to scarp the peat on the 
north side of the ditob down to the marl, and then to probe with 
a iY>d into the soft upright wall till a bone was struck, when the 
peat was carefully removed or undermined by two of the workmen, 
two others examining with their hands every shovelful that was ' 
thiY>wn out so that even the smallest bone could scarcely escape 
notice. In this way a hole 20 feet by 15 had been excavated 
down to the surface of tbe marl. It was found necessary to dig 
down for a short distance into this in order to extricate one or 
two of the bones that seemed to have been pressed into it by their 
weight or by that of the overlying peat But none of them were 
really buried in it, so that the death of the animal bad apparently 
taken place since its formation and near the beginning of the 
accumulation of the peat To the depth and the natnre of the 
material the bones seem to owe their preservation. It is observ- 
able that one or two of them, a claw for example, that occurred 
at a rather higher level were considerably decayed. 
III. AffinitieM of Megalonyx. 

Megalonj'x is one of tbe less known members of the order of 
Edentates, tbe best known of which are the sloths. This 'order 
comprises the lowest portion of the Euthcrian subtribe of the 
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mammals. The living members are well differentiated from each 
other, but a alight acqaaintanoe with its palfflontolog; sufDces to 
show that this sharp definition is due to the disappearance of many 
intervening links that have dropped out of existence. The extinct 
members of this family far outnumber and outneigh their Bur- 
vivors. Its glory has departed and it is now represented on earth 
by small and degenerate descendants of huge and powerful an- 
cestors, albeit we must doubtless grant that the former are better 
fitted to the eovironment of the day than would he the latter. 

South America is now, and so far as we know always has been, 
the metropolis of slothdom. More of the Edentate order now live 
on that continent than in any other part of the world, and it has 
yielded to onr museums the greatest abundance of the gigantic 
fossil forms. Both the living and the extinct are alike distin- 
guished by certain features that mark them off from all other 
Mammalia. There is no enamel on the teeth, and no incisor or 
canine teeth are fonnd (with a few exceptions) in any of the Eden- 
tates recent or extjnct The teeth are all of the same pattern, are 
not shed, and grow during the whole life of the animal. ' Some of 
the family are also remarkable (or being the only mammals that 
develop a hard external skeleton, the Armadillos and Olyptodons, 
tor example. 

Not a single Edentate has been found on the contjnent of En- 
rope, nor, so far as Is known, has any one ever lived there. 
Xorthem Asia and Australia have also yielded no traces of the 
order. But from South America its members langed Into the 
southern part of North America, and by means of land communi- 
cation that has since been destroyed, into Africa and southern 
Asia. The hairy ant-bears of Ethiopia, the scaly pangolins of 
India and Africa, and the Armadillos, ant-eaters and sloths of 
South America are all the species of the order that now survive. 
Of these the last only exceed a fox in size, while few of the rest 
are laiger than a rabbit. 

The following are the families into which the order is divided : 

1. The Otycteropodidae or Ant-bears. 

2. The Sfanidffi or Pangolins. 

3. The Dasypodidffi or Annadillos. 

4. The Myrmecophagidffi or Antreaters. 

5. The Glyptodontidie or Glyptodouts (extinct). 
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6. The Bradypodidse or SlothB. 

7. The Megatheriidie or Megatherians (extinct). 

The first five of these require no further notice here, not being 
sufficiently cognate with the subject There remain only, there- 
fore, for coDsideration one living and one extinct family. 

The tree-sloths, to which of all existing species M^alonyx is 
most cloBely allied, are among the roost sii^ular of living mam- 
mals. They have been pitied by naturatista on account of their 
supposed faulty structure, but very unnecessarily. Buffon sup- 
posed that its '< existence must be a burden to the sloth. " Cuvier 
fell into the same error. "Nature seems," he says, "to have 
amused herself in producing something imperfect and grotesque 
with disproportioned structure and inconvenient organization." 
But these mistakes arose from seeing the animal out of its natural 
surroundings. The sloth whose sluggish movements on Uie 
ground, where it can neither walk nor stand but drags itself 
along, obtained for it its name, is constructed for living in the 
trees, not on or among the branches as monkeys, but under them, 
and for this life its structure is admirably adapted. Its long 
fore-I^s, enormous pelvis and in-tuming wrists and ankles compel 
it when on foot to walk or crawl on the outer edges of its feet 
and on the outer knuckles of its bauds with the claws bent inward 
and upward as a man on all fours might crawl resting on the 
knuckles of the little fingers with fists doubled up and on the onter 
edges of his foot — a position as awkward to him as natural to the 
sloth. But put the creature into a tree and let it bang from a 
limb and it is by no means a sloth. It can climb with fair speed 
though its usual pace is slow, and in the tangled South American 
forests can pass for miles from tree to tree without descending to 
the ground. Clinging by the long hind claws and by one fore-foot 
with the other it draws together the branches and foliage on 
which it feeds. lu this position it is free from fatigue, as is the 
horse when standing. During sleep it rests in the fork of a tree 
rolled almost into a circle and clasps the trunk with its fore-legs, 
protected to a large extent by the color of its hair which resem- 
bles drj' grass or mose. Mr. Waterhouse even asserts that it fre- 
quently sleeps suspended. 

Its powerful claws are formidable weapons of defence. In 
danger the sloth throws itself on its buck and seizing its enemy 
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attempts to crush it In Qiis way it baa been known to strangle a 
dog while still held at arm's length. 

Such are the sloths of the existing world. But those of tlio 
past — their ancestors— were animals of immense size and massive 
build. They combined in their structure several points not found 
in any single animal of the order at the present day — a usual 
fact in palfeontology where the ancestor is less speciotized than 
the descendant 

IV. Fotnh of thit order. 

With a single exception all the extinct fossil slottis belong to 
the family of megatherians, and as might be expected they are 
found for the most part in South America, where the almost 
boundless pampas probably conceal countless multitudes of these 
monsters. For 900 miles what is now a waving sea of grass only 
a few feet above high-water level was one Jvast estuary of the 
rivers Parana and Uruguay wherein tbeir carcasses were buried. 
In his "Journal of a Naturalist" Charles Darwin says: 

'■The number of the remains of these quadrupeds embedded in 
the vast deposits which form the pampas and cover the granitic 
rocks of Banda Oriental must be extraordinarily "great. I believe 
a straight line drawn in any direction through the country would 
strike one of these skeletons or bones. They_did not perish in the 
marshes or muddy river-beds of the present land, but their bones 
have been exposed by the streams cutting the deposits in which 
they were embedded. The whole area of the pampas is one wide 
sepulchre of these gigantic qundrupe<ls. " 

Of the huge extinct sloths, of which Mr. Darwin here writes, 
the megatherium was theearliest discovered, and is also the largest 
In 1789, on the banks of the Luxan, about three miles from 
Buenos Ajtcs, and 100 feet below the surface, an almost entire 
specimen was dug up, and, of course, sent to Spain, where it was 
set up in the Royal Bluseum at Madrid. This is tlie original of 
the figure current in nearly all works on natural history. It was 
described by the great French naturalist, Cuvier — the founder of 
vertebrate palaiontology — and by him named megaihtrium Amrri- 
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canum, but it has since been generally known by the name M. 
Cuvieri, given in his honor by Desmarest.* 

A second skeleton was found in 1795, at Lima, and since then* 
several others, partially complete, have been discovered, and sent 
to Europe. The model in the British Museom was constructed 
from the study of detached bones preserved there, and in the 
Hunterian Museum of the Boyal College of Sui^eons, and is the 
origin of the second current figure of this animal, which represents 
it with the right hand clasping the trunk of a tree — a position 
somewhat hypothetical. 

ThiB gigantic ground-sloth — for an animal of bo massive propor- 
tions could not climb — measured 18 feet in length, and its bonea 
are heavier than those of an elephant, the thigh-bone being three 
times as thick as that of the lat^;est existing elephant Its 
strength, as indicated by the ridges and crests, must have been 
enormous. It must, therefore, have sought its sustenance on the 
ground, and it was originally supposed to have lived on roots ; 
'< but, by a masterly piece of deductive reasoning, Sir Richard 
Owen showed that this great ground sloth lived on the foliage of 
trees as the existing sloth, but with this difference — that instead 
of climbing among the branches, tt actually uprooted the tree 
bodily. In this task, the animal sat upon its huge haunches and 
its mighty tail, as on a tripod, and then grasping the tjiiok with 
its powerful arms, either wi«nched it up by the roots or broke it 
short off, alcove the ground. Marvellous as this may seem, it can 
be shown that every detail of the skeleton of the megathere ac- 
cords with the supposition that it obtained its food in this way. " t 
(Lydekker's Manual of PalKontology, p. 1296.) 

In thus seeking its food it would also find a use for its enor- 

* Several facts, not easy of explanation, Induce the writer to ask If 
tills Is not the same skeleton afi that which confronts the visitor In the 
palfoontologlcal museum, In tbc .Tardfn dcs Plantes? The resemblance 
Is Htrong. In that case, was It transferred from Madrid to Paris, dur- 
ing the occupatlou of the I'eninsula by the armies of France during the 
Peninsula war ? Tbe story of tbc Mosasaurus of Mffistrlcbt, is familiar 
to paliDontologlsts. 

tin connection with this point. It was formerly suggesied by Sir 
Woodbine Parish, that these animals mifcht have lived on the American 
gXoe (Agave Am/vricana). being quite capable of cliewing Its hard and 
spiny leaves. It may also be menCloni^ Ihat the specimen of the my- 
lodon described by Owen had had Its skull twice fractured during life 
and healed. Tliii^ It has been suggested, may have been caused by tbe 
fall of a tree which the creature was tearing up. 
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mous claws which were probably employed to scratch away the 
earth from the roots, so as to render the overthrow of the treemore 
easy. There were four of these on each fore-foot and only one 
on each hind-foot, or ten in all, the outer toes being nailless. 
There were five teeth in the upper and four in the lower jaw on 
each Bide, or 18 in all. 

Two species, at least, are known of this genua. The second 
member of this family of giants that came to light was Mylodon 
robvBtui, a species somewhat smaller than Megatherium, being 
only about eleven feet in length. This, eCIso, was disentombed 
from the Pleistocene deposits nf Ai^entina. It differs from the 
preceding in a few minor points, such as the less massive lower 
jaw and the shorter and lighter skull. What has been said above 
of the habits of Megatherium applies equally well to Mylodon. 
It was about as large and heavy as a rhinoceros. 

The earliest skeleton of the Mylodon was brought to England, in 
1841, by Sir Woodbine Parish, from the Salado river, Euenoa 
Ayres, and described under the name of J/, rohiutus, by Prof, 
Owen, in a magnificent quarto work. It was afterwards set up in 
the museum of the Royal College of Surgeons (of which Prof. 
Owen was then curator), and where it still stands. It is very 
nearly perfect Another, almost equally complete, was set up 
about three years ago, in the British Museum at South Kensing- 
ton. These two are, I believe, the only nearly perfect skeletons 
known. 

Several other species have been found. They are M. armatH; 
the largest, from La Plata, M. darwini, brought by Darwin from 
Patagonia and M. Ifarlini — the type — from the Big-Bone-Lick in 
Kentucky. This last was the earliest specimen that came to light 
as far back as 1835, when a jaw-bone was described by Harlan 
(as Megalonyx laqueatui), and by Owen dedicated to him in 1841. 
For years no more of the animal was known than the single bone 
in the cabinet of the Lyceum of Natural History of New York. 
But a few more teeth and fragments of bone have since been dis- 
covered in South Carolina, Oregon, Missouri, Mississippi and 
Kentucky. 

The pampas have also yielded the type of Skelidotherium (lep- 
ioecphalum), also described by Prof. Owen, and of which a partial 
skeleton has been set np in the museum at Bologna, under the 
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charge of Prof. Capellini. This is the only specimen yet obtained 
aside from detach^ boDes. A figure of this may be seen io 
Nictiolson and Lyddeker'e " Falieontology, " The head ia longer 
and thinner than in either of the aforementioned genera, and the 
feet, BO far as known, indicate considerable difl^erencc. The whole 
animal is less massive and is as it stands about 9 feet long. It» 
discovery vas announced by Darnin on his return from South 
America, and the bones which he brought home are in the mu- 
seum at South Kensington. 

Of Skelldotherium, about seven species have tteen named. But 
the member of this remarkable family which moetclosely concerns 
this paper is Megalonyx, Generally closely resembling the above 
it yet differs in some points of less moment such as the perforated 
humerus, the long interval between the first and second teeth. The 
already given description and habits of Megatherium and Mylodon 
need not be repeated. 

The history of the known specimens of this animal is not less 
interesting than that of those already referred to. The earliest 
mention of it occurs in the proceedings of the American Philo- 
sophical Society, the parent of scientific societies in this couutrj', 
and whose founder and leading spirit was Benjamin Franklin. 
Here, under date of August 19, 1 1 E>G, occurs the following entry : 

"Jefferson's letter to Rittenhouse (deceased) describing bones 
of extraordinary size found beyond the Blue Slountaina, in Vir- 
ginia, appearing to be of the tyger, lion and panther spcuies, was 
read by Dr. Barton. " 

Again, at an adjourned meeting on March 10, 1797, occurs the 
entry ; 

"Jefferson's memoire on the discoveryof certain bones of quad- 
ruped of the " blank space left, as if the secretary intended 

to enter the full title at a more convenient season which never 
camti. 

Also the following : 

' ' JiesiiheiJ, That this memoire be put into the hands of the Com- 
mittee of Selection of Publication, and said company are instructed 
to employ a proi>er person to undertake and execute drawings of 
the several bones exhibited («('t) by Mr. Jefferson with his memoire 
and in it referred to. 

' ' Resoh-vl, That It is the request of the society to Mr, Peal he 
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may cause those bones to be put in the best order for the society's 
Dse." 

The Committee of Publication consisted apparently of Dr. G. 
Wistar as chief, for as we furtherread: 

" 1799, March 1, Wistar's description of the bones of the un- 
known animal, referred to Dr. Shippen for examination." 

And at tbe next meeting ; 

' ' Dr. Shippen reported Dr. Wistar's description of the bones to 
be very accurate. Publication ordered." 

Thomas Jefferson was, at the date in question, the president of 
the society and an active member ; and, when later, he became 
President of the United States, he did not lose bis interest in sci- 
entifiu puTBuite, being reelected to both offices, and holding both 
for several years together till compelled by the pressure of politi- 
cal duties to resign the former. 

The full title of the paper mentioned above, was "A Memoir 
on the Discovery of certain Bones of a Quadruped of the Clawed 
Kind, in the western parts of Virginia," and in it the author sug- 
gested the name Megalonyx, in allusion to the enormous claw, 
which was one of the most striking of the specimens. This was 
adopted by Wistar in his account ; and when Dr. Harlan later and 
more fully described them, and, as he supposed, another species 
also, he conferred on the former the deserved specific name derived 
from that of the statesman who first made them known — Megal- 
onyx Jeffersonii. 

This first find was made in a cave in Greenbrier county, West 
Virginia, and consisted of a broken femur, a radius and ulna, 
three metacarpals, three claws and four other phalanges. They 
are now in the cabinet of the Academy of Natural Sciences at 
Philadelphia. Other bones belonging to the same find were car- 
ried away by different people and lost or placed in other museums 
and their history forgotten. 

Besides these bones— the original and classical specimen of this 
great Edentate — there are in the same collection about 20 frag- 
ments of another young IM^alonyx from Big Bone Cave in Ten- 
nessee, a humerus from Big Bone Lick, Kentucky, and a rib which 
is thought to belong t« Jefferson's specimen, a skull, with about 
a score of bones and teeth, more or less perfect, from Mississippi ; 
another skull and about 50 whole and broken bones from the 
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mouth of Canoe creek, in Kentaeky, on the Ohio. These, with a 
iew teeth and claws from various places, and now in different col- 
lections, constitute nearly all the material available for the etndy 
of Megalonyx. No pelvis has yet been found with the exception 
of a frt^ment or two. 



EEVIEW or EECENT GEOLOGICAL 
LITERATURE. 



Ninth Annual Report of the United StaU» OMloglcal Survey to lh« 
Secretary of the Interior, 1887-88. Bjr J. W. Powell, Director, pp. 
xlll, TIT ; with 88 platea and m&pa, and 61 figures In the text. ( W&sb- 
iDgton. 18B0.) 

Though this volume relates to the work done during the fiscal year 
ending June 30, 1S88, and the Imprint bears date of ihe next rear. It 
wai distributed to the working seolo^lstaofthecountrr so late as Decem- 
ber, 1890. The first 200 pages contain the report ot the director, and 
the administrative reports of chiefs of divisions, with a financial state- 
ment ot the disbursements for the Survey during the year. So long de- 
lay In the publication has been due, probably, to the slow progress In 
printing the accompanying papers, which make up the remainder of the 
volume, namely: The Charleston Earthquake, by Capt. C. B. Dutton; 
The Geologyof Cape Ann, Massachusetts, by Prof. N. S. Shaler; Forma- 
tion of Travertine and SillceousSinter by the Vegetation oF Hot Springs, 
by Mr. W. H. Weed ; and Geology and Physiography of a portion of north- 
western Colorado and adjacent ports of Utah and Wyoming, by Dr. C. 
A. White. A review of Dr. White's paper has been already given In our 
January number, and the other papers will be noticed later. 

Lake BmmeoUle. By Gkovk Karl Gii.bebt. pp. xx, 438 ; with a 
large folded map, Si plates, and 51 figures In the text. (Monographs 
of the U. 8. Geological Survey, vol. 1, 1890.) The largest one ol the 
many lakes which were formed during the Pleistocene period In the 
Great Basin, named take Bonneville for the earliest explorer of its re- 
gion, covered at Its maximum stage an area of I9,TS0 square miles, lying 
mostly In northwestern Utah but extending also Into the borders of 
Nevada and Idaho. It was about ten times as large as Its present repre- 
sentative, Great Salt lake, which, having a mean bight of 4,308 feet 
above the sea, lies 1,000 feet below the highest of the ancient shore- 
lines. The maximum depth of the Pleistocene lake was about 1,050 feet, 
while that of Great Salt lake, In Its range from the lowest to the high- 
est stage within the past forty years. Is from 36 to 49 feet. The hydro- 
graphic basin of lake Bonneville comprised a fourth part ot the Great 
Basin, whose total area Is estimated to be 310,000 square miles ; almost 
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another quartet was tributary to the companion, take Labontan, de- 
scribed In a previous mooograph by Russell ; and the remaining half of 
this arid region of Interior drainage held some twenty-flve smaller lakes, 
much exceeding, however, the saline lakes and plajas to which they are 
now reduced. 

Foremost among the coDdltloDS producing the arid climate ol the 
Great Basin and of the peninsula of Lower California, as pointed out 
by Dutton, Is the branch of the Knro Slwa current which sweeps south- 
ward with a width of about 300 miles along our Pacific coast. At the 
north this current Is warmer than the adjoining part of the ocean, and 
the warm winds blowing from It over Alaska, British Columbia, Wash- 
ington, and western Oregon, are cooled by the land and precipitate their 
abundant moisture In copious rains; but as this current continues to 
lower latitudes It slowly loses Its heat and on the coast of California Is 
cooler than the oceanic area farther west, so Chat the winds crossing it 
are cooled and depleted of much of their moisture before reaching the 
land. In these latitudes, moreover, the heated land area during the 
greater part of the year condenses little or no rain from these winds, ex- 
cepting on the high mountain ranges. Plentiful rains and snows tall on 
the lofty Sierra Nevada, extending 400 miles along the west side of the 
Great Basin, Into which the air currents then descend, thirsty for 
evaporation. 

But the shore-tines and lacustrine beds of lake Bonneville, like tho^e 
of lake Lahontan, demonstrate that twice the Pleistocene climate of this 
region became more humid, though to less degree than the present 
climate of the eastern half of the United States. The humid epochs 
were divided by a long Interval of aridity, in which, as Mr. Gilbert haa 
shown, lake Bonneville was perhaps wholly evaporated, Its soluble 
mineral matter Incoming Intermingled and covered with playa silts, so 
that It could not be redissolved by the water of the lake during Its 
second rlse,_ whii;h may have boon nearly. fresh. The first great rise of 
lake Bonneville, lifting Its level to within OO feet of the lowest point of 
the enclosing water-shod, Is recorded by numerous beaches, marking the 
oscillations of the lake level under the varying Influence of secular 
climatic changes, and by a thick lacustrine deposit of yellow clay. A 
long Interlacustrlne epoch is known by overlying alluvial gravel and 
sand. The second rise of the lake reached the level of overflow, ap- 
parently after the water surface had been long held within Bve to twenty 
feet below that level, forming a widely spread deposit of white marl, 
and the well defined highest beach ridges and eroded clifTs, which Gil- 
bert names the Bonneville shore-line. The time required for the great 
amount of wave-work at this level would be made possible by long con- 
tinued underground drainage from the lake through tho alluvial deposit 
of Cache Valley, over which a slightly higher rise of the lake finally gained 
a superficial outflow to the Columbia river, and then rapidly cut a channel 
3T5 feet deep In the alluvium to a sill of limestone. At this lower level, 
marked by the Prove shore-line and deltas, the lake was held for a long 
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time, perh&ps occasionally Interrnpted by dry climate aod fall of the 
water, too tow to maintain Itsoatlet. 

Olaclera descending the caOona on the west frootof the Wasatch range 
attained their maxlnm extent, poshing their moraines Into lake Bonne- 
ville, during the time of formation of the Provo shore-tine. From these 
moraines and from those of Sierra Nevada exiendlag luto the Pleisto- 
cene area of lake Mono, the glaclatlon of the Cordllleran region Is 
known to have been contemporaneous with the epochs of humid climate 
«nd extension of lakes in the Qreat Basin, the Interlacustrlne epoch be- 
ing attended probably with a nearly or quite complete departure of the 
glaciers and Ice-fields on the mountains. 

Inquiring what were the causes of these great climatic changes, the 
author shows that a bodily uplift of the entire district. Including the 
Oreat Basin and the adjacent mountains, would favor the growth of both 
lakes and glaciers, while conversely they would be diminished by de- 
pression of the district. Evidences of Pleistocene elevation of the land, 
corresponding to the glacial and lacustrine epochs, are found In the 
deeply submerged channels near Cape Mendocino, which have been 
described by Prof. George Davidson of the U. S. Coast Survey. On the 
other hand, proofs of Pleistocene depression, referable probably to the 
time of temporary retreat of the glaciers and lowering or desiccation of 
lakes In the Great Basin between their two stages of high water, are 
supplied by the marine terraces of the Columbia and Fraier basins cited 
by Gilbert, and by the Pleistocene beds of the Calif oru I an coast recently 
described by Dall as rising graduallytowardthe sonth until at Monterey 
and southward they are about 900 feet above the sea level. 

Frequent eruptions of basalt have occurred within the area of lake 
Bonneville, the earliest belonging to the Tertiary era, long liefote the 
existence of the lake, others successively to the time between Its first 
and second maximum stafces, to the date of the Provo shore-line, and to 
the recent epoch slncelakeBonnevUle was reduced to the Great Salt lake. 

Uplifting of the Wasatch range is shown to be Still In pn^ress by 
post-Bonneville fault scarps. Independent of these, a deformation of 
the area of the Pleistocene lake has taken place, by which its central por^ 
tlon is uplifted about 170 feet in comparison with its boundary ; and thia 
deformation of the planes of the old shore-lines is regarded by the author 
as probably dne to the drying away of the lake, the removal of this weight 
of water being attended by viscous distortion of the earth's crust. 

The last chapter of this valuable and very interesting monograph dis- 
cusses the age of theEqnus fauna, which at Its typelocallty Is contained 
In lake beds that are correlated with theuppermost of the Lahontan and 
Bonneville beds ; and the conclusion is reached that this fauna, pre- 
viously called late Pliocene, is Instead to be referred to a late stage of 
the Pleistocene or Glacial period. 

FTeUmlnary Ac(Munt of the Fossil MammaXe from Ihe White River 
and Loup Fork formations contained tn the AftMcum of Comparative 
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Zoolofiv. Bt W. B. Scott and Hkkbt F. Osbobh. Although tbe first 
part or this pap«r was published In September, 1887, the conleuta of 
both parts may here be convenlentlr noticed, M the paper has been but 
recently concluded. Ab In other of tbelr Joint writings, tbe anthora 
have divided their labor, the treatment of tbe Camtoora and ArUodac- 
tyia being by professor Scott and that of the PerlModoctvIa by professor 
Osborn. 

Part I, constituting No. fi ot vol. xm of the Bulletin of the Museum 
of Comparative ZoJJloKy at Harvard College, treats of White river Mio- 
cene mammals from Nebraska and Dakota. 

The skeleton of Hoploptiioneut Is very fully described and Is Illustrated 
with a restoration. Oreodon gracUii is found to possess a poilez, thus 
removing an; suspicion that Prof. Scott'a description of a poUex In O. 
cutberUoni may have been based on a case of abnormal polydactyllsm. 
A skull and a hind foot, supposed to pertain to a single species, and 
referred to the European genus Hyoavertum, yield the first record of 
this genus from America and are described under the name Byotlt»- 
Hum {T) a7n«T-toanum. A study of the dentition and skaleton of Lepto- 
merjfx leads the authors to consider this genus, with Schlosser, as a 
true tragullne, as opposed to RDtlmeyer's view that It Is more nearly 
allied to the Camelidce. Illustrat«d comparative studies of the skulls of 
Menodui Colorado mvis, and the new species, M. tUAocertu, M. doUchoce- 
rat, and M. plaiucerat, and a restoration of the skeleton of M. prouM 
are given. The genua Metamvnodon Is described as a successor of the 
middle and upper Eocene genus, Amynodon and of about double the 
size and strength of the latter, equalling In size the largest ot modem 
rhinoceroses and representing a line distinct from that of Hyrocodon, 
Atxratherivmi, or DiceraOieiixtm. Portions of the skeleton of AcerO' 
thertum are described. The resemblance of Svrtu»don to HyrtKltyua 
and Us analogies with the horse are mentioned, and two new species of 
the former genus, H. planloepg and H. Maior are described. 

Part II of this paper, constituting vol. xx, No. 3, of the above men- 
tioned Bulletin, bears date ot November, ]890, and !b devoted especially 
to Loup Fork mammalia from Nebraska and Kansas. Tbe following 
are the more Important observations brought out In It : The discovery 
of tbe mandible ot jElurodon hyastioidea. The discovery of a femur 
closely like that ot a Hon, but indicating an animal larger than and 
distinct from Smtlodon, The determination ot the foot- structure ot 
Maycochcerua (previously partly effected by Cope), which Is found to be 
closely similar to that of MeryehyviS. A very complete description of 
the manua and pes of BlaetoTneryx, the genus being regarded, with 
Cope, OB being In the ancestral line of the distinctively American deer. 
An account ot tbe dentition and a description and restoration of the 
skeleton ot Coaon/x, which Is regarded as probably having its ancestry 
among John Day Miocene forms ot BUMtomeryx, and (with Cope) as 
itself ancestral to AntiXooavra. Observations on tbe molars of tbe 
eauloe series. Obser.vations on the manus and pes of AoeraOierlum. 
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A description and restoration of the skeletoa of Ajikelo^ fo«giger. A 
discussion of the homologies of the elcmeata of the molar teeth in 
rhinoceroses. A studr of the braln-charoctera of Meaohippv* ftDd 
.dpheiops, Including a comparison of tlie brain-casts of Avhtlops, Acera- 
therlum and Ceratorhlnus, from which the conclusion Is drawn that 
"the steady brain-growth of the ungulates during the Eocene and 
early Miocene periods reached Its highest point in some families of the 
later Miocene, and was followed by a degeneration." The announce- 
ment of CThdllcoUteriumft'om the Loup Fork of Nebraska and the proba- 
ble Identification with It of Mon/pun elatiM Marsh, from llis Loup Fork 
of Kansas. 

This important contribution to tho knowledge of North American 
Tertiary Mammalia is the forerunner of " a memoir upon the Cambridge 
collection of Miocene Mammals, which Is now in preparation." 

Cla»»ificalion of the glacial sediments of Maine. OEOsas H. Stoxk. 
(Am. Jour, Scl. Vol. xl, August, 1890.— This paper notes the features 
of tho drift In the central and southern portions of Maine, and in par- 
ticular those modlllcations of the glacial deposits which are due to tbo 
presence of tho waters of the Atlantic ocean when at a higher level 
than the present. 

1. Isolated Kirmet, viz., those short ridges so distant from all other 
glacial sediments that if they had any other cotemporary correlative 
sediments they are not known. They are. found In all parts of Maine 
except possibly In the extreme north. They are supposed to have been 
formed In channels in the glacier. 

3. HtU-tide Kamet, found on the south slopes of rather high hills, 
expanding toward the bottom into a pleitus of reticulated ridges, of 
coarse sediment above and finer below, as It the depositing river ent«wed 
a body of still water, or In some way lost Its carrying power. These 
are found above the level of 230 feet. 

3. Kumet ending in Tmirtne tUttas. This is shown by the horizontal 
transition of the gravel of the kame first Into sand and then Into clay 
containing marine fossils. 

4. Eamta ending in lociutrine deltas- These are found only above 
the contour line of 230 feet above sea-level. These exhibit tbe same 
horizontal sorting of the sediments as the marine deltas (No. 3) but 
they do not contain marine fossils. 

5. MaiiHve Kame-plaln». Those are extended gravel plains mostly 
found below 330 feet formed by glacial rivers carrying abundant glacial 
debris and not checked In their course by any large body of open water 
so as to allow of the dropping of their finer sediment. 

6. Dlicontlniioug Kame eygtems. These are In linear series separated 
by Intervals of varying length. These fragments of ridges are sep- 
arated by expanses of unmodified till, and are almost oxcloslvoly con- 
fined to the coastal region below 330 feet above the sea. There Is, ac- 
cording to Prof. Stone, a general law prevailing; viz., that at about 230 
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feet above tbe sea there Is a maximum developmeot of glacial sedlmenta, 
and that they diminish In amount In opposite dircctlona from this lino, 
the travels In particular becoming more and more discontinuous In ap- 
proaching the coast. 

7. The onars. These are longer two-sided gravel ridges some of 
them extending more than 100 miles northward. At their southern 
extremltloa, about the level of 330 feet, the? break up Into non-contlnu- 
ous kames ( No. 6 ) and finally disappear In marine deltas. 

S. Broad otarg or osar plaiTu. These are simply local expansloDS of 
the osars (No. 7) Into plains due to the widening of the luo valley In 
which the glacial river flowed. Prof. Stone regards the rivers, at these 
places, as having been probably open upward to the bud, but leaves us 
to infer that in general he considers the river that produced the osar 
proper to have been subglacial. These osar plains when later cut down 
by streams show the origin of the terraces composed of glacial sedi- 
ments that accompany so many valleys In New England. 

9. TheretleuiaUdhantea. This Is a "plexus" of ridges, containing 
kettle holes, found at the landward ends of the marine and lacustrine 
deltas. In general they appear to be only a feature of the deltas, but 
some are found unconnected with deltas. They are between 230 and 600 
feet above the present sea level, mostly In rather broad valleys and In 
level regions. They seem to be due to a concentrated action, or to a 
duplicated effect of several glacial streams entering the general valley 
at these points, and also to a gradual shifting of the course of the 
streams near their mouths due to the gradual recession of the Ice 
margin. 

10. Omr bordar^lay*. This Is a broad-channel deposit of finer nia< 
terlals, due to the same conditions and forces. 

11. Frontal plottu. These are plains of sediment brought by glacial 
streams down to the extremity of the glacier and then spread suba£rlally 
over the land In front of the Ice. It Is hence a "valley drift" of glacial 
date. 

IS. Jfuch of the to-caOed wMe]/ drift, or thick sheets of alluvium 
which covers the larger valleys of New England, la not considered as 
the result of post-glacial erosion of the till by ordinary atmospheric 
forces, but rather a frontal-plain deposit which accumulated rapidly 
4|tter the ice had retreated to some distance northward but was yet able. 
In Its later dissolution, to swell all the streams. The fine material he 
considers may have been largely of super-glactal posd before It left the 

Prof. Stone has given very careful and thoughtful attention to the 
coastal deposits of Maine, as correlated with the glacial epoch, and he 
has added much that will enter Into the solution of questions that are 
very prominent touching the nature and origin of a series of beds lately 
named the " Columbia formation " by HcOee, and their relations to the 
"Champlaln" clays of Hitchcock as well as to the Laurentlan and 
Algonquin of Desor. 
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The palsozolc flsbes of North America. By John Strong Newberry. 
HoDOgraph XVI. U. S. Geo). Survey, Quurto, pp. 83B, 53 plates of 
lossll forms. 

The Building-Stone of New York. John C. Smock, Bui. N. Y. State 
Museum, Vol. II, No. 10, IBM. 

Mineral Besourcea, U. S. 188B. David T. Day, Washington, 1890. 

Bulletins U. S. Geol. Survey, vli; No. 68, The glacial boundary la 
Western Fennsylvanla, Ohio, Kentucky, Indiana, and Illinois, Geo. F, 
Wright, (Beviewed In the Gboixioist, Vol. VI, p. 390) ; No. 69, The 
gabbros and associated rocks in Delaware. Frederick D. Chester ; No. 
60, Report of work in the department of Chemistry and Physics, in 1SST-8, 
F.W.Clarke; No. 61, Contributions to the mineralogy of the PaclBc 
coast, Melville and Llndgren ; No. 63, A bibliography of North Amer- 
ican Crustacea, from 1696 to ]8B0, including a list of North American 
species and a systematic arrangement of genera, Anthony W. Vogdes ; 
A report of work done In the division of Chemistry and Physics, mainly 
during the year 1888-89, F, W. Clark ; No. BQ, On a group of volcanic 
rocks from the Tewan mountains. New Mexico, and on the occurrence 
of primary quartz Id certain basalts, J. P. Iddings. 

Tenth annual report of the California State Mining bureau, William 
Irelan, Jr., Sacramento, (or the year 1890. Octavo, pp. 9B3, accompa- 
nied by a case of six colored maps and diagrams. Illustrated by num- 
erous plates and figures. 

Oeolog. and Nat. Hist. Surv. Minnesota, Eighteenth report, lor 1889. 
8vo, S34 pp., Minneapolis. 

Ninth annual report of U. S. Geol. Surv., 1887-8, 4to, pp. sill, and 717. 

Lake Bonneville, by G. K. Gilbert. Monograph, No. i, U. S; Geol, 
Sorv., pp. xiil, and 438. 

2. Proceedings of Scientific Sodetfes. 

Appalachia, Vol. VI, No. S, contains ; Ascent of the volcanoes Nan- 
lalsan, Asama-yama and Nosu-tabc, W. J. Holland ; The great Smoky 
mountains and Thuudcrhead peak, Frank O. Carpenter; The San Juan 
mountains, Frederick H. Chapin ; An ascent of Sierra Blanca, Charles 
G. Van Brunt. 

Proceed. Phil. Acad. Nat. Scl., Part II, Apr.-Sept, XB90. contains: 
Synopsis of American Carbonic Calyphceidie, Chas. R. Keyes (Reviewed 
In the Geologist, Vol. VI, p. 248); Illppothorlum and Rhinoceros from 
Florida, Joseph Leidy; Mastodon and Capybara of South Carolina; 
Barometric observations among the high volcanoes of Mexico, with a 
consideration of the culminating point of the North American continent. 
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Angelo Ueilprln ; An account of the Vlncclonlan volcano, BcnJ. Shtkrp. 

Bulletin of tbe Santa Barbara society of Natural History. Vol. No. 2. 

Iowa Cln, Soc. Nat. Hist., Oct., 1890, contains: New and little known 
American palieozolc ostracoda. E. 0. Ulrlch ; Concerning a skeleton of 
tfaa great fossil beaver, Castoroldes ohloensls, Joseph Mooret. 

Transactions, N. Y. Acad. Scl. May-June, 1890, contains : By Oeo. F. 
Kuuz, descriptions and notes on tbe following meteorites, Kiowa, Bridge- 
water Burke Co., N. C, Blount Co., Ala., ButheMord Co., N. C, Hay- 
wood Co., N. C, Winnebago Co. Iowa; The change In our climate and 
the cause, B. B. Dunn. 

3. Papers In ScleMiftAi JaumaU. 

CAnadian Becord of Science, Vol. IV, No.'a, Jiily, 1890. The Quebec 
Group of Logan, Sir William Dawson. 

Am. Nat., Dec No., The natlcoid genus Strophostylus, Cbas. R. Keyes. 

School of Mines Quarterly, Nov. Outbursts of gas in metalliferous 
mines, Barnett H, Brougk : Examination of mines, H. K. Monroe. 



COEEESPOiiDEI?J0E. 



Was Lake Inoquois as Arm of tub Sea? During the meeting of 
the Geological Society at Witshlngton, I learned from professor Spencer 
that I had confused his lake Iroquois with his lake Algonquin, In my 
note to your Journal a month ago. If 1 now understand bim correctly, 
it was lake Algonquin that stood at tbe higher level, uniting tbe basins 
of Erie and Ontario; while lake Iroquois was the reduced body of water 
In the Ontario basin, after tbe separation of Algonquin into two parts. 
Professor Spencer's contention is that Iroquois was at sea-levei, and not 
held up above sea-level by a barrier of ice in the lower St. Lawrence 
valley. My note should therefore have referred to tbe outlet of the 
Iroquois waters past Rome, N. Y., down the valley of the Mohawk. 
Mr, Gilbert's observations seem to prove tbe existence of such an outlet, 
and I wished to know how professor Spencer explained It on tbe suppo- 
sition that Iroquois was an arm of the soa, 

But this question Is answered In a paper by professor Spencer In tbe 
American Journal of Science (or December, to which he referred me and 
In which ho says: " Even the coincidence of the shallow and small chan- 
nel, discovered by Mr, Gilbert, connecting the Iroquois waters with the 
sea by the Mohawk valley, or of the broader and lower valley of lake 
Cbamplain, does not prove the necessity of a former barrier across the 
St. Lawrence valley, any more than the narrow channels among the 
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giguitlc Islands north of Hudson ba; would prove the former proseoce 
of a dam holding In the waters of ttiat bay, were the whole couDtry ele- 
vated " (p. *50). Although I have done no Held work worth mentioning 
on the sliorc-lines of these ancient lakes, the question of the origin of 
the lakes has interested me greatly, and I have for some time regarded 
them as most probably the combined result of pre-glacial erosion, glacial 
excavation and postglacial warping, with perhaps some assistance from 
local glacial depression, as suggested by Chambcrlln. The share that 
warping may have had In this result depends iu part on the former 
altitude as well as on the altitude of the continent, and professor Spen- 
cer claims to have shown that the continental altitude at a certain time 
may be determined by means of the old shore-lines, which he Interprets 
as having been made on the margin of a bay, and therefore ot sea-level. 
Hence the Interest attaching to hU explanation of the outlet by the 
Hohawh valley. The comparison that he makes between Iroquois and 
Hudson bays Is In one respect perfectly fair, but there are four considera- 
tions that appear to me to invalidate the comparison completely. The 
first Is the close correspondence of the Iroquois shore-lines with the 
level of the Mohawk passage; this correspondence would be of accidental 
origin If Iroquois were a bay; but It would be an essential feature It 
the passage were an outlet. Second, If Iroquois were a bay, the shore- 
lines should be found at the same level, e^tcept for their subsequent 
warping, on both sides ot the passage; and as far as observation goes, 
no Iroquois shorelines are reported on the eastarn or outlet side ot 
the Mohawk valley. Third, the Mohawk valley shows signs of former 
occupation by a river of much larger volume than the present Mohawk. 
Fourth, it Is not only In Iroquois that the correspondence In the levels 
of old shore-lines and outlets Is found; the same correspondence Is 
known to have occurred in the case of the expanded shores of Eirie, 
when It rose to the level ot the Maumee-Wabash passage (Spencer's 
Algonquin); and still better In the case of lake Agassis, when its waters 
rose so as to cross the pass between Big Stone and Traverse lakes, by 
which Its basin was separated from the Minnesota-Mississippi valley. 
Large post-glacial lakes with outlets over low passes appear therefore 
to have characterized a recent epoch In our history. Arms of the sea 
were very likely expanded at about the same time, but they did not 
reach Iroquois or Agasslz. 

The question then remains, by what barrier were these lakes held up 
at their other end; and the answer generally given Is, by the retreating 
Ice-sbeot. It Is eminently proper that we should be slow to accept so 
curious an explanation; It Is certainly true that existing glacial lakes 
are small and evanescent; and It Is very questionable what thickness of 
tee would be needed to hold in the waters of Iroquois and Its fellows; 
but at present, we must regard these bodies of water as lakes, and no 
explanation for the lakes has yet been suggested that can displace the 
glacial hypothesis. W. M. Davis. 

Harvard College, Cambridge, Ma»., Jan. 3, 1891. 
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PERSONAL AND SCIENTIFIC NEWS. 



Pleistocene Papers at the Meetinq op the CrEoi-ocsicAL 
Society OP America, Wabiiin(itos, Dec. 29-31, 189(1— Prof. J. 
W. Spencer's paper, read Monday afternoon, Dee. 29, on "Post- 
pliocene Oontiaental Subsidence," set forth the evidences afforded 
by fiords and submarine valleys, like that of the Hudson, that the 
greater part of North America has l>een depressed 3,0011 feet, 
more or less, since the Pliocene perio<1. On the Atlantic coast 
northward to New York and Massachusettfl, and on portions of 
the shores of the eastern provinces of Canada, this siibsi<ience is 
still going forwaitl, as shown bj" stumjja of trees standing where 
they grew but now covered hy the sea. But the region about 
Hudson bay, according to Dr. Robert Bell's observations, is now 
being elevated, and professor Spencer believes that the postglacial 
elevation of the region of the Laurentian lakes, which in places 
has amounted to not less than 500 feet, is also still slowly in 
progress. 

Monday evening Prof. W. M. Davis presented " Illustrations of 
the Structure of Glacial Sand Plains," a series of excellent alcre- 
opticon views, from photographs by himself and H. L. Rich, of 
small sand plains of stratified drift, with their associated esker 
ridges of gravel and sand, situated in the vicinity oC B:)ston. 
The formation of these deposits was referred to the action of 
streams produced by the melting of the ice-sheet, the materials, 
which were rapidly de|x>site<l, having been englacial drift enclose(i 
in the lower part of the ice. 

In the same evening session, Mr. I. C. Russell gave a very in- 
teresting account of his explorations during the past summer, with 
Mr. Mark B. Kerr, on Mt St Elias and the mountains extending 
thence fifty miles southward to Yakutat bay, A large map of the 
mountain ranges and glaciers was exhibiteol, showing valley 
glaciers on the south, terminating in Disenchantment bay ; but 
from this bay and Yaliutut bay no rtli westward the valley glaciers 
merge into a terrace-like ice-fleld, named by Russell the Piedmont or 
Malaspina glacier, ten to twentv miles wide and more than fifty 
miles long, bordering the coast The surface of tliis great ice- 
field in its seaward portion is covered with drift to deptlis varying 
from a few inches to several f(M;t ; and on this supergincial soil 
a profuse growtli of flowering plants springs up in many places 
during the short summer, wliile other parta of the same tract arc 
clothed with a coniferous forest, Ri\ers flow through the Jl:ilas- 
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pica glacier, partly in subglacial couraes, partly in cafion-like chan- 
nels, whtch are often underlaid by ice. A large etream, of which 
lantern views were shown, issues from an ice-tunnel and after flow- 
ing a considerable <tistaneo in a cliannel open to the skj- dlBappears 
in another ice-timnel, about 150 feet wide and 50 feet high. 

The age of the shales and sandstones which form ML St. Elias 
and the neighboring ranges is found to be late Pliocene or more 
probably Quaternary. Plentiful marine shells occur in these 
strata up to an elevation of 5,000 feet on the Hitchcock range and 
Pinnacle pass, the species being the same that now inhabit the 
sea-shore of Alaska. The mountains have been formed by pro- 
found faulting, with upthrusts and tilting; and the pyramidal 
sharp peak of St. Klias is found to l)e the uplifted comer of & 
great orographic block. There is no evidence of general glacial 
tion upon the highest ranges, but the valley glaciers have been 
1,000 feet thicker than now. From their known recession at 
Disenchantment bay within the lasl hundred years, Mr. Russell 
concludes that the maximum extension of the Alaskan glaciers 
was attained only a few hundred years ago. 

Tuesday evening Mr. George F. Becker read a paper on "An- 
tiquities from under Tuolumne Table Mountain, California." 
The authenticity of the discoveries of stone mortars and pestles, 
spear heads, human bones, and the famous Calaveras skull, in the 
deep auriferous gravels of California, capped by lava-sheets, 
seems to be fully established, Mr. Becker therefore thinks that 
these gravels are probably no older than the glacial drift of other 
parte of North America and Europe in which the earliest other 
truces of man's existence are found. The uplifting of the Sierra 
Nevada and changes in the courses of streams there were appar- 
ently in part or wholly early Pleistocene ; and the much later 
glaciation of the Sierra Nevada is probably to be correlated with 
the second Glacial epoch of the northeast part of the continent, 
or indeed may have occurred since the departure of the north- 
eastern ice-sheet. 

This was followed by a display of stereopticon views from Idaho 
and California, by Prof. G. F. Wright, with description of the 
Pleistocene lava deposits of the Snake river valley. The special 
interest of this paper related to the image found in an artesian 
boring at Nampa, Idaho, which is figured, with notes of Uie geo- 
logic section, in the Geolociiht, vol. iv., p. 387, Dec, 1889, 
Professor Wright also gave additional Btilements confirming the 
discoveries of human implements in Uie lava-capped gravels of 
Table mountain, California. 

We<lnesday afternoon Prof. Edward Oi-ton si>oke of the recent 
discover}', less than two weeks before the meeting, of many of the 
bones of a Megalonyx jetTersonii Harlan, in central Ohio, during 
the excavation of a ditch for drainage. Several of the bones, in- 
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eluding a femur, all in a very perfect state of preservation, were 
exhibited before the Society ; and professor Orton stated tliat 
further exploration of the locality, when permitted by return of 
mild weather, will probably recover additional parts of the skele- 
ton. It was found only a slight depth beneath the surface, in a 
postglacial marl bed. The surprisingly late extinction of this and 
other gigantic Pleistocene mammals, after the culmination of the 
Glacial period, was noticed as very difficult to l>e explained. 

The next paper was by Mr. Warren Upham, on the "Glacial 
Lakes of Canada," formed during the recession of the ice-sheets 
which were temporary barrierB across bydi-ographic basius now 
drained toward the north. Lake Agassiz, in Minnesota, North 
Dakota and Manitoba, stretching north over the present sit^s of 
lakes Winnip<% and Manitoba, was described as the most exten~ 
sive of these lakes. At the same time the great lakes now out- 
flowing by the St Lawrence were held at higher levels than now, 
as shown by their old shore lines ; and during later stages of the 
glacial recession great glacial lakes were formed in the Bouthem 
part of the basin of James and Hudson bays, outflowing south- 
ward over the continental water-shed at its lowest passes near 
Kenogami and Missinaibi lakes to lake Superior, and by lake 
Abittibi to the Ottawa. From the descriptions of the drift de- 
posits along the eastern base of the Kooky mountains and on the 
Peace river, given principally by Dr. G. M. Dawson, of the Cana- 
dian Geological Survey, Mr. Upham claimed that the eastern or 
Laurentide ice sheet and the western or Cordilleran ice-sheet L>e- 
came confluent during the culmination of the second Glacial 
epoch, the western ice probably wholly enveloping the Rocky 
mountains near the Peace river, where they rise only 3,500 feet 
above the adjoining country and about 6,000 feet above the sea. 
The southern border of the confluent ice at that time appears to 
have reached to Wood mountain, the Cypress hills, and the sources 
of Milk river, in southern Assiniboia and Alb^iia; and the Ice- 
sheet of British Columbia, as determined by Dr. Dawson, covered 
isolated mountains 5,000 to 7,640 feet almve the sea. 

In discussion of this paper, Dr. Dawson jxiinted out t^e diffl- 
culty of believing that the great plain country between Manitoba 
and the Rocky mountains was ever covered by an ice-aheet, in- 
stead of which be attributes the deposition of the drift there to 
floating ice during a marine or lacustrine submei^ence. 

Lack of time prevented the reading of several other papers on 
Pleistocene geology, probably not less important, whose authors 
were absent ; but, with the foregoing, these will in due time ap- 
pear in printed form. 

Dr. W. Clark, op Berea, 0. , has been in the field again and 
has met witii his accustomed success in discovering fossil flsh. 
His previous work in this direction will be fresh in the mind of 
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all fossil ichthyologiste. His gigantic Titanichthya and many 
other specimens from northern Ohio enrich the collection of Dr. 
Newberry at Columbia College, New York. 

Dr. Clark haa now an entire Bpecimen of Cladodut resembling 
the one described. It is nearly six feet long and almost complete. 
From tip to tip of the expanded fin is a distance of twenty-one 
Inches. The teeth are shown in a row but are not yet freed from 
the matrix. The flns are not set at the same angle to the lx>dy as 
in the specimen figured by Newberry as Cladodus kfphri. Each 
measures nine and a half by six and a half inches. It also differs 
from that species in the form of the head, teeth, fins and jaw, and 
he claims it as a new species. 

Another specimen so far as it is at present discernible indicates 
a new genus. The head is remarkably round, measuring five by 
four and a half inches, and there is a constriction between it and 
the ijody. Its length over all is about twenty-six and a quarter 
inches 

A remarkable mandible of Titanichthyi, straighter than any 
previously found, and twenty-three inches long by three and three- 
quarters inches deep, is another interesting object in the collectJOD 
as indicating a new species of the genus. 

He has also extracted from the matrix and put together with 
much skill a perfect jaw of Dinichthys, only ten inches long by 
one and one-eighth deep, and differing from any yet known in ite 
exceedingly slender proportions and different structure. The cut- 
ting edge of the dentary bone terminates in a thin tooth strongly 
contrasting with the massive ending of the species previously 
described. 

But probably the most interesting of all Dr. Clark's recent 
discoveries, is a plate of an armor-clad fish from the Cleveland 
shale, resembling nothing yet described but recalling to some 
degree the general likeneea of GlyptimpU as figured by Newberry 
in his late volume on palteozoic fishes. But instead of being 
thick and overlapping, this plate is thin and shows no bevelled 
edges. The sculpture is also very fine and delicate. It measures 
eleven and a half by five inches. 

Dr. Clark has also the head of a Titan ichtfii/s that promises to 
furnish some new information on the structure of the heads of our 
placoderm fishes, and which he promises soon to make public. 
He thinks that the classification of some of the fishes of the 
Cleveland shale ia to say the least a httlc "mixed, "and that from 
the material in his possession and his explanation of the same he 
will l)e able to establish bis views. 

TiiE Mesbaiie of Gov. Franvis, of MissorRi, commends the 
geological sun'cy of that state in its plan and progress, and asks 
the Legisloture to make increased appropriation for its support 
and continuance. 
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JAMES MACFARLANE. 

By I. C. White. MorBantown, W. Va. 

The subject of this sketoh, bo well known to the geolc^ists of 
America, was born at Gettysburg, Pa., September, 2nd, 1819, 
aod died of heart failure, at Towanda, Pa,, October 12th, 1885. 

CoDQCcted by kindred ties with the best families of the Cumber- 
lan<] Valley, and descended from a race prorerbJal for energy, 
thrift, and untiring industry, he was bom rich, not in material 
things, but in that far superior endowment, of clear intellect, ro- 
bust body, sturdy character, lofty aepirations and unconquerable 
will power, which characterizes the Scotch-Irish people. 

IlappUy gifted by nature with a wealth of generous and kindly 
sympathies, Mr. Macfariane went forth from his Alma Mater, 
Pennsylvania College, in 1837, fully equipped for victorj- in life's 
Btruggle. 

Upon his record as a successful engineer of the North Branch 
Canal, a leading member of the bar at Towanda, the succeasful 
coal operator and railway builder, who opened up and developed 
the celebrated Barclay Mountain Coal Jlegion, we cannot dwell, ex- 
cept to say that bis ceaseless activity and tireless devotion to duly 
rendered him eminently successful in all his business ventures. 

Of philosophic mind, a close and keen observer, his experience 
as a coal operator gave him the op|X)rtunity to collect and elabor- 
ate the data which he embodied in that yery mine of useful in- 
formation, as well as of popular acientiflc instruction, " The Coal 
Begions of America." This justly famous work met with such a 
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hearty reception by the general public, as well as by geologists in 
particular, that its author was encouraged to undertake the pre- 
paration of a volume for the latter's especial benefit, aud the ap- 
pearance of "An American Geol(^cal Railway Guide," fresh 
from his pen, in 1879, was bailed by geologists everywhere, as a 
boon of greatest value. This book, so unique in conception, and 
happy in esecntion, put all geologists under a heavy debt of grat- 
itude to the author whose busy brain and hand had done so much 
for them. The amount of labor involved in the preparation of 
this little volume, can only be properly appreciated by those who 
have undertaken similar work. 

The edition was soon exhausted, and in 18S3 Mr. Macfarlane, 
in response to an appreciative public, b^an the preparation of a 
new and greatly enlaiged volume of the "Guide," adding many 
novel and useful features. While in the midst of this labor the 
" dread summons " came suddenly, almost without warning, and 
the busy life was ended. 

The two celebrated works just mentioned entitled Mr. Macfar- 
lane to a high place among the contributors to the advancement of 
the science of geology ; but they do not constitute the whole of 
his work for geology. His articles on " Coal," in Applcton's En- 
cyclopsedia and Gray's Atlas of Pennsylvania, "On the Formation 
of Cailons," in Science, Augnst, 1884, and on "The Earthquake 
at New Madrid," at the Minneapolis meeting of the "A. A. A. 
S, ," all attest the true scientific spirit as well as tbegeolc^cal ac 
nmen of the author. 

Some of bis best work for geologic science was of the kind 
that is bf great importance, but often overlooked. He was really 
the father of the bill which inaugurated the second geological 
survey of PennBylvania, and largely through his labors and influ- 
ence, were obtained the legislation and necessary appropriations 
which carried that viust work forward to such splendid results. A 
member of the Board of Commissioners of the survey from the 
beginning, he labored unceasingly in its interest, and probably did 
more tlian all others combined, to overcome popular prejudice 
against appropriations for such purposes. At the meetings of the 
Board he was the first to come, and the last to leave, and his 
practical knowledge of men, and good business qualities, combined 
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with his accurate geological knowledge, were of invaluable service 
to the survey. 

Of t^e most kindly, sympathetic and appreciative nature, be 
also did much for geolt^ in the words and acts of encourage- 
ment he alwaj'S freely gave to the tyros in this science. Every 
new idea was welcomed, and was sure of a careful and judicial 
hearing at his hands. 

The following tribute to his memory, by the Reporter-Jouroal of 
Towanda, In its issue of October 15th, 18S5, so fittingly describes 
Mr. Macfarlane as a man and & citizen, that it finds an appropri- 
ate place here ; 

"No man, perhaps, in our community, will be more missed in 
the place of his home, and certainly none whose death will be so 
generally mourned abroad. His busy life brought him in contact 
with leading business men of this and adjoining states, and with 
men promineut in letters and science the country through. No 
man of our town had so wide a circle of acquaiataace, and none, 
we may safely assert, had attained so emineat a place among the 
scholars and scientists of the land. By alt his death will be long 
and sincerely mourned. But here, ia Towanda — Ms home, where 
he was l>est known by his neighbors and fellow-townsmen, all of 
whom were his friends and to all of whom bis deatli comes with 
the shock of a persooal bereavement, will his death be longest 
and most deeply felt. For years he baa gone out and in among 
us. His familiar form, his cheery voice, his genial manners and 
kindly words have been a part of our lives — a help, a very com- 
fort and iospiration. His life, although crowded with work as verj' 
few lives are, was not given wholly to study and research. The de- 
mands of family and friends were paramount, and work was never 
BO pressing that he could not put it aside to devote himself to 
them. In the social circle he was a lending spirit His gentle 
manners, his ready wit and kindly humor, joined to a mind stored 
with riches gatliercd from ever}' department of literature, made 
him the prince of entertainers, and the best of companions. In 
the circle of kindred spirits whore he was wont to meet from 
time to time, there is a vacancy that cannot be filled. " 

"The death of such a man is a loss to our community — a loss 
which no man may measure. In projects tending to the material 
improvement of our town he was foremost. It was his far. 
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sighted sagacity that planned, and his indomitable will that helped 
to completion, the railroad that tapped the hidden wealth of Bar- 
clay mountain. He It was who has done ho much since to develop 
the ooal industry at other points in that region. Ttie cause of 
education, religion, every deserving charity, found in him a liberal 
patron — a read}* and efficient helper. His hand was in every good 
work. Very often it was unseen and unknown, but it was not the 
less helpful. The last act of his life was an act of charity. 
Many hearts whose load he has lightened on life's weary pathway, 
will hear of his death with deep and abiding sorrow." 

"But while we count the loss that has come to many of us 
with such benumbing force. let us not forget the gain — the profit 
of this busy life. One of the sublimest, as well as the most 
practical solutions of the problem of life, is that which regards it 
as a system of producing, and of man as a producer, who, if his 
life work has been faithful and active, leaves behind an addition 
to the common stock of the world's goods, which, first or last will 
be diHtributed for the benefit of the human race. The broadest 
and best moral to be drawn from our toil is included, so far as it 
relates to this world, in the duties and offices and end of the toil 
itself ; in the good it drops. " 

So it happens that the life of a self-made man, like James Mac- 
farlane, who has just passed over to the great majority of men of 
toil, is filled with example for profit Beginning at the foot of 
the ladder, he came when young, to our town, not endowed with 
the capital of wealth, but with the capital of brain, with hooeet in- 
tention, a quick eye for business, a ready hand for his work, and 
unswerving and unchangeable integrity. These were the qualities 
which he wrought into bis accomplishments. He dies, not yet 
full of years, but leaving l>ehiud more material monuments of his 
industry than many great nilcrs, and more than all else, an exam- 
ple for the young men of this country, which will not soon be lost 
He has left us a sign by which men may conquer, and deserve to 
conquer in the battle of life, and win a victory, not for themselves 
alone, but for their kind. " 

" His lite was ftentle ; and the elements 
So mixed In him, that Nature might »tand up 
And say to all the world, 'This was a man.'" 
Mr. Macfarlane was married in 1847, to Miss Mary Overton, of 
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Towanda, who survived her devoted husband only three years. 
Six children, three sons and three daughters, were the fruit of this 
happy unioD. Their names according to age are as follows : 

Edward 0., Towanda, Pa., Superintendent ol Barcla; R. R. & Coal 
Co., and President Citizen's Nations] Baulc. 

Eiia L.. Wife of WlMlam LiUie, Esq., Towanda, Pa. 

Graham, Civil and Mining Ensineer. Loiii^vlllo. Ky. 

May C, Wife of E. J. Angle, Esq., Tuwanda, Pa. 

James R., Attorney at Law, Pittsburgh, Pa. 

Eugenia H., Towanda, Pa. 

It is to the youngest son, James R. Marfarlane, that geologists 
owe the completion of the second edition of the 'Miuide." Prol>- 
ably none but the writer, and a few others, know under what 
great ditflcultiea this volume was prepared. The death of the 
father had left alt except the first portion in an unfinished condi- 
tion. Yet, at a great sacrifice of time and money, tlie young bar- 
rister, just starting in life, undertook as a labor of love and as a 
tribute to his father's memory, to gather up the broken threads of 
the "Guide," to finish collecting material, and weave all into the 
orderly system the father had outlined. Few can form any esti- 
mate of the amount of work which thus devolved upon the son. 
During its progress be suffered a double bereavement, his loving 
mother and devoted wife, who had aided him much in bis work, 
both passing over to the ■'silent majority." How well he accom- 
plished his self-imposed task, the volume of 426 pages. Just is- 
sued during thq past year, speaks for itself. Cteol<^ists cannot 
appreciate too highly the labor and self-sacrifice of the son, in 
thus carrrj-ing forward to successful completion, under so many 
discouraging circumstances, a work involving so much toil for one 
whose daily occupation was foreign to sulijects connected with 
geology. 



MEGALONYX IN HOLMES COUNTY, OHIO, 1 890. 

By E. W. CuATPOLE, Akron, O. 

V, OrogriiphU-al Rii»g'\ 
The range of these extiuot sloths is, geucrally speaking, nearly 
the same for all the genera. Conflnetl entirely to the New World 
they were, for the most part, inhabitants of ."^outh America, but 
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some of tbcm also occupied the southern portion of North America. 
Megatherium and Mylodon were two of these, while Skelldothe- 
rium of all species was so far as we know coafioed to South Amer- 
ica and Megulonyx to North America and the island of Cuba. At 
the same time it would he erroneous to iafer that the same species 
were found in both parts of the Xew IVorld, for this apparently 
was not the case. 

Two or three less known forms have tieen described — Ifothro- 
tfierium, from Brazil ; Gnathopsis, of Leidy, from South America, 
and Ereptodon, of the same author, from Mississippi. Only a de- 
tached bone or tooth of each of these genera is yet known. 

Hitherto, the remains of Megalonyx have not been found farther 
north than Big Bone Lick, in Kentucky, about twentj- miles south- 
west of Cincinnati and in latitude 38j^°. Greenbrier county, West 
Virginia lies in latitude 38°. At least, this is the case west of the 
All^hanies. Possibly, some of the cite<1 instances on the Atlantic 
eeal>oarc1 may be a little farther north. But the discovery of this 
skeleton near Millersburg extends the area over which the animal 
roamed to latitude 40°, or nearly 120 miles farther north than was 
before known. Much beyond this limit it is not probable that it 
will ever be carried, as from what we know of the climate of that 
era, it is unlikely that it would be sufllciently congenial to allow 
of ita subsistence, especially in the winter. 

VI. Environment and Date. 

Regarding the actual conditions of the region where the 
skeleton was found and at the time when it lived, it ia possible to 
deduce a few inferences from the facts observed. The swamp lies 
almost at the extreme edge of the terminal moraine doubtless of 
the second glacial era, though the southern limit of this appar- 
ently here coincides with that of the earlier glaciation. About 
seven miles to the northeast of Millersburg is a very heavy drift 
composing for a short distance two lines of moraine between which 
lies the swamp containing the bones. There is evidence that this 
was formerly one of those glacial lakes with which the front of 
the ice-sheet abounded. Indeed it was covered with water except 
in summer within the recollection of men still living. The peat 
which has accumulated ia in some places ten or eleven feet thick, 
and bcneatli it is the shell-marl usually found in these lake-beds. 
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Tills graduates downwards into a ailt or quicksand without shells, 
very clammy and of great depth, resembling what is usually de- 
posited from glacial waters. I was informed by Mr. Drushell 
that some years ago a boring was carried down into this silt to the 
depth of one hundred and forty feet without reaching the rock. 
Judging from the topography this is not unlikely. The surface of 
the drift is here nearly two hundred feet abore Mtllersburg, and 
its depth is evidently very great The swamp is on the site of a 
deep hollow between two lines of morainic mountains on its north 
and south sides. The outlet is at the east end ahd is narrow. It 
has also been cut down a few feet artificially and had previously 
been somewhat lowered by the outflowing stream. The swamp is 
very irr^ular in shape but may measure a mile in length from 
east to west and half as much in breadth from north to south. In 
one place a long point projects from its northern bank nearly cut- 
ting it info two parts, and opposite this is a snlall island of t^e 
sami! gravelly material still further separating it At this point 
formerly existed a large beaver-dam from which hundreds of 
gnawed sticks were taken in the digging of the diteh*. This must 
have aided in holding back the water at least in the western part 
of the swamp. The outlet leads into a small stream called 
Doudy's run, and then into the Killbuck and Muskingum. 

VII. TheHutory. 

The sequence of events in the history must have been nearly as 
follows. The southern line of moraine was formed when tlie ice- 
front stood at the south side of the swamp and was nearly at its 
greatest extension. It consists for the most part of material 
rolled and washed along under the ice, that is of rounded gravel 
and clay. A time of recession followed during which little mo- 
rainic matter Was deposited, and the hollow in which the swamp 
now lies was produced. Another period of rest or of slight ad- 
vance ensued, and the northern moraine was dropped, meeting the 
older one at both ends and enclosing between them a rudely 
crescentic basin. This basin was kept full of water by the melt- 
ing ice, and its overflow escaped by the lowest point in the rim, 

*Some of the too til- marks which I saw on these sticks are so large 
that they strongly sugRest llie great estliict beaver of Ohio (Cnxtoroides 
oMoentiM) as the architect of the <laiti rather than the much smaller 
living beaver (C. canadcnsln). 
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which waa at the southeastern end. Thus the l&ke was kept full 
of "glacier-milk" and the deposit of this excessively fine silt 
gradually filled it nearly to the level of the overflow. This was a 
compai'atlvety rapid process as it always is at the present day 
when glacier streams are pouded back. 'The absence of shells 
from all except the uppermost part of this deposit clearly indi- 
cates that the basin wits filled with the glacial mud before the ice 
had retreated far to the northward. Life is not usually found in 
ialaud and fresh waters when they are kept near or at the freezing- 
point throughout the year. 

Later iu the history after the icy water had ceased to enter the 
basin various fresh water mollusks took possession of the ground, 
and the uppermost layer is charged with their shells. A cursory 
examination was sufficient to rec<^nize the following : 
Valvata tricarinata, PlanorbJs parius, 

Amnicola limosa, Sphserium sulcatum, 

Amnicola porata? Pisidium viiginicum. 

Above this layer of shell-marl lies the peat, the product of 
fresh-water plants which probably took possession of the ground 
as early as the mollusks. The species are, so far as examined, 
the same as those now growing in this and other swamps in the 
state. The thickness of the accumulated mass varies much in 
different places. In some it has not been penetrated. 

From the position in which the bones were found it is evident 
that the cold period had passed away (as indeed must from other 
facts have been the case) before the Megalonyx came upon the 
scene. The filling of the lake with glacial deposit was ended, and 
the sticky, soft shell-marl was forming at the bottom. A tangled 
growth of rushes, sedges, and other water-plants occupied its 
shores and shallows and rendered them soft and treacherous. The 
bones lay off the projecting cape above mentioned, the hind- 
quarters being farthest from land. The supposition seems prob- 
able, therefore, that the creature was traveling northward, probably 
making a short summer migration, for it could scarcely live in 
Ohio in the winter, and undertook to swim across the lake from 
the island to the point spoken of already, and on attempting to 
gain the dr}- land became fastened in the clammy botttjm and en- 
tangled in the mud and rank vegetation so that it was unable to 
extricate itself. Struggling wouUl only increa.se ils difficulty, and 



,y Google 



Petrographia^ Dlfferejitiation. of certain dykea. 153 

in spite of ite enormous atrength it sank below water and was 
<Irowned. Decaying and perhapa in part devoured by other ani- 
mals its bones fell asunder and were scattered over the bottom of 
the lake as they have now been found. On this \-iew others 
probably remain to be recovered, as they may lie at some distance 
from the spot first struck. So large a bone as the pelvis can 
scarcely have perished when the clavicle and claws remain perfect 
The skull also should be found, and the lower jaw which is one of 
the most enduring of the bones and is frequently preserved when 
no other part of the skeleton remains. 

VII. Ittdate. 
In regard to the date that should be assigned to the creature it 
is evident that it is post glacial, and as we are unable to assign to 
the end of the ice-age in this stat« an antiquity of more than about 
10,000 years this pute an upper limit on the age of the 'fossil. 
Yet farther, as the cold had entirely passed away and the climato 
had become almost or quite as to-day, this date must be much 
farther reduced. And this reduction may be very considerable. 
We have no reason to doubt that the Megalonyx cune into tlie 
region as soon as the climate was suiteble both for itself and its 
vegetable food. And that it survived into the human period we 
have no reason to doubt. Though there is yet no evidence of man 
and Megalonyx in combination, yet there is reason for believing 
in the contemporaneity of man and other huge Mammalia in North 
America. Moreover, the occurrence of one specimen in Tennes- 
see yet retaining fragments of cartilage and tendon attached to its 
bones is another proof that the species lingered or survived till 
quite recent times. Whether the specimen in Holmes Co. tbea 
belongs to an ancient or a recent animal it is not possible to say, 
and all that con be determined is that its age probably lies be- 
tween two and eight thousand years. 

PETROGRAPHICAL DIFFERENTIATION OF CER- 
TAIN DYKES. OF THE RAINY LAKE REGION. 

By Andbbw C. Lawbom, with aiinlFses by F. T. Shutt. M. A., F. C. I. 

At the Toronto meeting of the A. A. A. S. the writers sub- 
mitted a paper in abstract bearing the above title. The material 
for the full paper was not at the time of the meeting complete. 
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and vorioas vicissitudea have aince then interfered with the work. 
However, as aome of the facta obaerved are of intereat it is pro- 
poaed to give them here without attempting to elaborate them so 
fully as was originally contemplated. 

The dykes of the Rainy Lake region show in a marked degree 
that variation from a fine texture at the dyke walls to a coarse 
texture in the middle of the dyke, which is more or less chame- 
teriatic of dykes the world over. In the abstract referred to it 
waa atated that "On examination of the dykes in question, it be- 
came apparent that thia variation in the physical appearance of 
the dykea is not aimplj one of texture or degree of coarsenras of 
the constituent minerals, but it ia rather the incidental concomi- 
tant of important itructural, mineralogical and chemical variations 
which appear very conatantly in the same way in different dykea." 
It will be the object of the present paper to establish thia general 
statement by giving some account of the facts upon which it is 
based. 

A dyke about 150 feet wide whidi traveraea Stop island on 
the south side of Rainy lake, in which the variations alluded to 
are strongly accentuated, will be first described somewhat in de- 
tail. From this dyke a series of four specimens was taken, viz. : 

I at the contact with the dyke wall, 

II at four feet from tlie contact. 

III at fifteen feet from the contact. 

IV at aeventy-flve feet from the contact (middle of dyke). 
Textural variation. — To the unaided eye there ia apparent a 

very diatinct gradation in texture from that of an aphanitic rock 
at the contact to that of a coarse gabbro or diorite in the middle 
of the dyke. The gradation is rapid in the first four feet, less ao 
from four feet to fifteen, and scarcely perceptible from fifteen feet 
to the middle of the dyke ; the rock on which the observations 
were made in the field presenting a continuous, clean, freab, glac- 
iated surface. In order to arrive at aome definite information 
regarding the gradation in texture, careful measurements were 
made of the constituent minerals in thin aectiona of the different 
specimeua. The following are the results of these measurements : 

I Ground inas^. 

Pyroiene— largest grains 031S mm 

Feldspar in slpnder needles. 

Ave. size 004 X .053 mm 
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MAgDetite. ave. diameter 

Porphjrrilic crystals. 

Pyroxene, largest polysomatlc grain 

Feldspar, largest latli-sliapecl crystal 056 > 

II Pyroiene, approx. ave, dianieter 

Feldspar, '■ ■' size .■iCO > 

Magnetite, " " diameter 

III Pyroxene in polysomatlc masses, ave. diameter 

Feldspar, lath-shaped crystals, largest 350 > 

Mannetlte, few scattered grains, ave. dlam 

yuartz, ave. diameter 

IV Pyroxene, much altered to hornblende, larger gr. . 

Feldspar, ave. size of larger grains 

Magnetite, few large grains, diam 

Quartz, larger grains 

StructuTol variation. — The specimen taken at the contact with 
the dyke walls (I) appears in section as a porphyrite. The 
ground mass is a fine ophitic felt work of plagioclase and greenish 
yellow pyroxene, with viridite thickly studded with granules of 
magnetite, all of the latter belonging probably to the final con- 
solidation of the magma. The porphyritic constituents ore in the 
order of their generation (1) Plagioclase in lath-shaped crystals, 



Stop Island dyke. — Section of dyke-rw'k at contact with dyke wall. 
X38. a. polyeomailc aiiglte; f. plagioclase. Illustrating porphyrite 
structure. 
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either in distinctly isolated individuals or aggr^ated together in 
irregularly radiating clusters ; (2) Augite, in rounded or bleb-lIke, 
colorless polysomatic masses. The plagioclase is occaeioDully in- 
cluded in the augite. The microscopic aspect of this portion of 
the dyke is shown in flg. 1, 

In the specimen taken only four feet from the last, i. e., four 
feet from the dyke wall, the structure of the rock presents a 
marked contrast to that just described. There is do ground 
mass, and the section presents the character of a tj'pical opbitic 
diabase as shown in fig. 2, 



Stop Island dyke. —Section of dyke-rock four tcct from dyke waII. 
X38. a. Augile; i. plagioclase; li. hornblende; m. magnetite. Illus- 
trating opliltic or diabase structure. 

In this portion of the dyke the dominant minerals are polyso- 
matic angite and green hornblende. The latter mineral is in part 
deriveil from the angite, while part of it presents no evidence of 
such derivation and may be original. These two minerals occ'ur 
in lai^e interlocking masses in which are embedded beautifully 
sharp idiomorphic crj'stals of plagioclase and irregular grains of 
magnetite. It seems probable from a careful inspection of the 
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relative attitude of the conetituents that a portion of the augite is 
of earlier generation than tlie reat, and earlier than such portion of 
the hornblende as may be original. The rounded contours of the 
fresher masses of polj'somatic augite suggest analc^' with the 
rounded porphyritic masses shown in fig. 1. In addition to the 
idiomorphic plagioclase there is a subordinate proportion of plag- 
ioclaae which shows no crystalli^raphic boundaries. Occasionally 
a small grain of quartz may be detected. At fifteen feet from the 
dyke walls the structure is still ophitic Augite is the dominant 
mineral and appears to be of two generations, (1) large, irregu- 
larly bounded polysomatic masses and idiomorphic crystals, 
<2) allotriomorpbic, interstitial between the idiomorphic plagio- 
clase. Quartz is sparingly present, and magnetite is in large, 
irregularly scattered grains, some of it allotriomorphically devel- 
oped about the idiomorphic augite. 

Iq the middle of the dyke the structure is entirely different 
from either that of a porphyrite or of an ophitic diabase. It is 
the type of structure characteristic of granite, gabbro, or diorite. 
All the important constituent minerals interfere with one another, 
and the only idiomorphic crj'stals are those of accessory minerals 
such as apatite. The aspect of a section of this pait of the dyke 
is shown in the drawing, fig. 3. Quartz is abundant, and the 
augite appears to be entirely replaced by hornblende, so that the 
rock would be classed with the quartz-gabbroe or quartz-diorites 
according as the hornblende is secondarj- or original. Considered 
simply as a hand specimen it is best termed, probably, a urolitic 
quart&gabbro. 

Mineralogical variation. — The most impiortant mineralogical 
variation observable in the series of specimens taken across the 
dyke is the passage from a qnartzless rock at the dyke wall to a 
quartzose one in the middle of the dyke. No quartz can be de- 
tected at the side of the dyke. At four feet from the side quartz 
may be observed in occasional grains, forming an exceedingly 
small proportion of the constituents ; at fifteen feet it is somewhat 
mora abundant, and in the middle of the dyke quartz is a promi- 
nent constituent of the rock. Another important change in the 
mineralogical composition of the rock is the encroachment of 
hornblende upon the augite as one passes from the dyke walls, 
and the final complete replacement of the augite in the middle of 



)y Google 



158 



TTie American GeologUt. 



USTch, 1861 



the dyke Tbis change, even though it be due in great part to 
paramorphiem, testifies to an important variation in the character 
of the rock developed from the same magma at various distances 
from the dyke walls. The augite nenrer the middle of the dyke 
would appear to be much more susceptible of poramorphic change 
than that near the dyke walls. The middle part of the dyke is 
also richer in accessory minerals such as apatite, biotjte, epidote, 
and leucoxene than the lateral parts. 

Chemical varialio-a.- — The chemical variations observed in this 
dyke will be gathered from a consideration of the following table 
of aoalysea of the specimens above referred to : 
Stop Island dyke. 



K-O 
Na-O 

LOSSOD 



Sp. g. 



47.83 


47.08 


47.84 


57.50 


4.S7 




6.73 


5.07 


' 30.38 




35.40 


23.44 


1 6.73 
4.33 




8.44 
5.25 


5.83 

a.7« 






.60 


.45 


1.30 




2.55 


3.01 


3.19 




.94 


3.03 


2.0.^ 




3.53 


3.25 


OH. 30 


3.060 


100.27 


101.13 









These analyses show a remarkable increase in the propor 
tion of silica in the middle of the dyke over that in the lateral 
parts. The difference in silica content of about 10 per cent is 
sufficient to separate the specimens into two distinct rock species 
according to current methods of class iS cation. The difference ta 
in keeping with the quartzose character of the middle of the dyke 
as compared with the quartzless character at the side, and also 
harmonizes with the difference in specific gravities givea in the 
table. 

Thus in half the space of a sharply clefiaed dyke only 150 
feet wide our study reveals variations in all of those characters 
which we make use of in the description and classificatioa of rocks. 
Totally distinct types of texture, structure and composition belong 
to the same geological unit-moss. This fact si^gests an interest- 
ing commentary upon our system of rock classification. Is such 
classification in cases like the present, or even generally, anything 
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more than a classificatioD of band specimens ? Of what philo- 
sophic or geological value is a claasiflcation of specimens into 
different species and types when they may all be one and the same 
rock crystallized from the same magma within a few feet of one 
another. The geologist who knows his rocks in the field as well 
as in the laboratory finds such classifications very little expressive 
of geological truth. But the differentiation in character of this 
dyke rock suggests other matters than a criticism of classification, 
namely, a consideration of the conditions under which such differ- 
entiation was developed from a common magma. From the nature 
of the case we are able to form fairly satisfactory conceptions aa 
to two conditions which are commonly regarded as having a pora- 



Stop Island dyke. — Section of dyke-roek seventy-five feet from dyke 
wall (middle of dyke). X38. f. plagioclasc; h. hornblende; q. (jnartz; 
m. magnetite. Illuslratlng atlolriomorplik'-grantLlar or granitic 
Btriicture. 

mount inQuence upon the solidification of rock from magma. 
These are (1) the relative pressure, and (2) the relative rate of 
cooling under which the different parts of the magma solidified. 
The magma being confined between parallel sharply-cut fissure 
walls may fairly be assumed to have been under the same con- 
stant hydrostatic pressure in any given horizontal plane during the 
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time of its solidification. It may also be fairly assumed that 
those portioDS of the magma adjacent to the fissnre walls cooled 
more rapidly and solidified earlier than did the middle portion. 
Thus although we have in current petrographical literature numer- 
ous references to great pressure aa one of the chief causes of the 
development of the coarser texture and granitic structure of the 
plutonic rocks as compared with that manifested by rocks which 
solidify at or near the surface, the present case seems to establish 
the fact that both typea of rock structure may be developed under 
one and the same pressure. Difilerence in pressure under which 
magmas solidify is, therefore, probably, not so important a cause 
of the difference in structure and texture of rocks as is generally 
supposed. On the other hand we have in the case under con- 
sideration strong presumptive evidence that the rate of cooling 
which must have been rapid at the sides and slow in the middle, 
exercised the controlling influence over the character of the rock 
developed from the magma in any given part With regard to the 
conditions which determined the chemical and mineral<^cal differ- 
entiation of the dyke rock very little can be definitely affirmed. 
It seems probable, however, that the explanation lies in the earlier 
separation of the more basic minerals accompanied by a trans- 
ference of more acid residues (or solvents) to the middle portions, 
which transference was facilitated by the gradual solidification at 
the magma from the dyke walls toward the middle, and by the 
movement of the water constituent of the magma towards the 
middle. The water of the magma, so long as the latter remained 
liquid, would have a tendency to escape to the surface. This 
tendency, taken with the tendency of the higher portions of the 
dyke to solidify more rapidly than the deeper<seated poridona 
would create a current obliquely through the magma, upward and 
inward from both sides. This current would aid in the transfer- 
ence from the sides to the middle of the more acid portions of 
the magma from which the more basic had separated out. 

Numerous other dykes have been examined with the same gen- 
eral result as that arrived at by a study of Stop Island dyke. In 
none of these, however, was the differentiation in character found 
to be quite so strongly accentuated as in the Stop Island dyke. 
A series of specimens taken across the dyke which cuts the south- 
vast shore of White-flsh bay, and which is referred to in former 
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notes as the White-fish Bay dyke, was analyzed with the following 
restilts : 

White-fish Bay dyke. 





I 


II III 


IV 


Fe,b,+FeO 


47.50 


1 4B.U8 


52.47 




W 


9.07 


6.31 


C^ 


•fV, 


44 


' 23.87 


25.54 


1(1 


SI 


' 10.B9 


6.63 


MgO 


a 


71 


3.93 


3.31 






29 


.49 


.54 


Na.O 
P,0, 


1 


63 


1 1.92 


3.33 




34 


1.11 


1.16 


Loss on Ig 


2 


85 


.83 


1.28 




97 


36 


100.08 


9B.46 


Sp. g. 


3 


i)27 







I near contact with dyke wall. 

II six feet from contact 

III thirty feet from contact 

lY sixty feet from contact (middle of dyke). 

In this dyke the gradation in textnre is as prononnced as in the 
Stop Island dyke but the differentiation of strncture is not so 
marked. In I the ground mass haa the character of a flne-grained 
ophitic diabase and the porphyritic constituents present no great 
contrast in size to those of later generation which have crys- 
tallized around them ; and in IV the ophitic structure is not en- 
tirely replaced by the granular. This dyke is noteworthy for the 
abundance of hypersthene which is present near the dyke walls. 
This hypersthene is a porph^-ritic constituent, and has well dcflned 
crystallographic form. It has not been observed in specimens 
from other portions of the dyke and its occurrence recalls the 
similar occurrence of enatatite in the Jack-fish Lake dyke and in 
the Rat-root Bay dyke which has l>een noted in a former paper. 
There is as in the Stop Island dyke a regular increase in the pro- 
portion of quartz in passing from the dyke walls to the middle 
and in the latter part of the dyke the augite is entirely replaced 
by hornblende. The antJyses of this dyke rock and of the Stop 
Island dyke rock show throughout an unusually high percentage 
of alnmina. 

A dyke sizty-flve feet wide cutting biotit« gneiss witii a 
northwest sWke on the north shore of Shoe Bay, Rainy Lake, 
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afforded three specimcDS taken in the same sequence as before. 
The first, frcan the contact, shows a pronounced porphyrite 
structure consisting of a fine ground mass of plagioclase, angite 
and magnelJte in which are imbedded lath-shaped crystals of rather 
cloudy plagioclase of an earlier generation and polysomatic aggre- 
gates of pyroxene, which in many cases is partially altered to a 
serpentinona, greenish-yellow substance either on the periphery, 
haying a fresh core, or in patches and shreds through the section, 
la the second specimen, taken at six feet from the contact, the 
structure is ophitic and in marked contrast to that of the last 
The plagioclase is freah, the augit« is in scattered gruns and lo 
polysomatic aggregates and is more oe less altered to hornblende. 
Quartz is present and is intergrown with the feldspar after the 
manner of p^matite. Magnetite occurs in skeletal forms and 
apatite in slender needles. In the Bpecimeos taken from the mid- 
dle of the dyke the general structure is grannlar rather than 
ophitic although the latter structure is obseri-able. Augite is seen 
in occasional large polysomatic grains with a good deal of fllmy 
or shreddy perimorphic hornblende and some chlorite. Hornblende 
also occurs in independent masses. Quartz is very abundant and 
is nearly all intergrown with feldspar in pegmatjtic structure. 
Magnetite and apatite are present, the former in irregular scat- 
tered grains and the latter in slender needles. A partial chemical 
examination of the specimens from this dyke gave the following 
flgores for the percentage of silica and the specific gravi^ : 



Contact. Middle. 



Near the month of Shoe Bay, on the north side ie another dyke 
similar to the last. It is about seventy feet wide. Thin sec- 
tions of three specimens taken from the same parts of the dyke 
as before, present the same general features as in the dyke last 
deacribed. The rock at the contact is a porphyrite with the 
usual plagioclase crystals and augite aggregates imbedded in a flne- 
jprained base. The latter is remarkable for the uniformly even 
distribution of the magnetite grains. The porphyritic augite has 
no crystaU<^raphic boundaries and its alteration is for the moat 
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part mai^Dal. No quartz was obecrved. At six feet the struct- 
ure is again ophitic. Quartz is present. Magnetite is in large 
sized, sparsely scattered grains. A little pjnrite also occurs. The 
structure of the middle part of the dyke is for the most part 
granular but with some idiomorphic plagioclase. The augite is 
generally fresh, but has associated with it hornblende and chlorite 
as alteration products. Quartz is abundant with uniform orienta- 
tion over wide, and in the section isolated, areas. The following 
are the figures for the silica percentage and specific gravity of the 
three specimens : 



Sp. 8- 



Slmilar specimens were taken from a dyke on Risky Island, 
Rainy Lake, which is nearly in a line with the Stop Island dyke and 
the Shoe Bay dyke last described. The contact rock is as before 
distinctly a porphjTite similar to that represented in fig. I. The 
minerals are all fresh. Plt^ioclase in large crystals and augite in 
single and in polysomatic grains, are imbedded in the usual fine 
ground niass, which in this, and in all the dykes described, is a[h 
parently holocry stall Ine and micro-ophitic. At six feet from the 
dyke wall the structure is ophitic but with some allotnomorphio 
plagioclase. The augite ia mostly replaced by hornblende. Quartz 
is plentiful in pegmatitic development Mf^eUte or titanic iron 
is abondant but without any trace of leucoxene. In the middle 
of the dyke the ophitic atnicture is still observable but most of 
the constituent minerals are allotriomorphic. The augite is very 
largely replaced by hornblende. Quartz is observed to present 
the same ophitic relations to the idiomorphic plagioclase as does 
the aagite, and it contains inclusions of apatite and microlites. 
Leucoxene with cleavage traces of titanic iron is abundant and in 
large grains. The following are the figures for the percentage of 
silica and specific gravity of these specimens : 

J 
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On the aonth side of Bainy river opposite Sea 20, Tp, 5 8., 
B. XXVIII of the Canadian township survey, a dyke was ob- 
served having a width of from 150 to 200 feet and cutting horn- 
blende schists with a north-northwest strike. No specimen was here 
obtained at the immediate contact, and in one a little removed 
from the contact the porphyritic structnre was only represented by 
blebs of polysomatic augit« imbedded in an ophitic base which 
approached in texture that of the specimens taken at fonr or six 
feet from the contact in other dykes. The ophitic structare pre- 
vailed in two other specimens, one taken at six feet from the coa- 
tact and one from the middle. Quartz was observed in both of 
these but not hi the first. The percentage of silica and specific 
gravity of the first and third specimens is as foliows : 





Near 
Contact. 


Middle. 


810, 
Sp.g. 


49.Ba 

3.231 


60.10 

3,068 



Series of specimens from several other dykes were also ex- 
amined, but the limit of space will not permit of farther detailed 
descriptionB. Gienerally, however, it may be stud that the por- 
phjrito structure almost invariably characterizes the dyke rock at 
the contact and that this rapidly grades into an ophitic stmcture 
which in turn appears to grade very gradually into the granular 
structure. The latter, it mnst be said, is devel(q>ed to the entjre 
exclusion of the ophitic structure only in a few of the cases ob- 
served. The increasing proportion of quarts toward the middle 
of the dykes is a very constant character. In one dyke, namely 
that on the south side of Rainy river opposite the town of Fort 
Frances, well defined crystals of enstatite were observed in the rock 
at the contact as a porphyritic constituent while none of this 
mineml was observed in other parts of the dyke. 



NOTES ON THE GEOLOGY OF SOUTHWESTERN 
NEW YORK. 

By Q11.BBBT D. Harris. 
During the early part of the present season, a well was sunk at 
Jamestown, N. Y., to a depth of 32G3 feet. For the proprietors, 
the undertaking was somewhat unfortunate, since neither oil nor 
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gas— the objects sought — ^were met with in paying quantities. 
To the geolc^ist, however, the extensive suit of drillings, carefully 
preserved and labelled, are of aacommon interest owiog to the 
depth and peculiar location of the well ; it furnishes him data for 
determining the litholt^cal characters, tbiclcness, and amount of 
dip ill this region of the several fonnations penetrated, — items 
heretof(S% but vaguely known from surface observations. 
/. Jamtttown Well Section. 

CHEMDNO ORODP. 

(A). The Conglomerate, — "Bed rock, " according to the well 
record,* was encountered at a depth of 220 feet below the surfacef. 
The sample from this point consists of veiy finely pulverized 
milky quartz, derived without doubt from a large, hard boulder. 
One foot below, a typical upper Devonian conglomerate appears. 
This at first is composed most exclusively of quartz pebbles, 
ranging in size from a pea downwards. In color, they are white, 
rose, or yellowish ; in form, angular or sub-spherical. Presently 
a fine-grained sandstone makes its appearance, forming a matrix, 
as it were, for the coarse quartz pebbles. This is of a lights 
bluish-gray color, is slightly micaceous and argillaceous, and at a 
<lepth of 240 feet, constitutes about 60 per cent of the rock 
material. Seventeen feet lower still, few pebbles appear. The 
total thickness of the conglomerate is therefore not less than 36 
feet. 

By referring to plat« iv, it will be seen that the upper surface 
of this formation is 1105 feet A. T. , or, as shown in the foot-note 
below, about 660 feet stratigraphically below the Panama con- 
glomerate, t 

■Kept by Mr. W. B. Beynolds of Jamestown, N. Y., IhrouKh whose 
klndaes* the writer was enabled to ex&mlno the samples. 

-fThe mouth of the well bas been eatlmatad to be 4 feet above the B. 
B. station, t. e. laas teet A. T. See BulletiD No. 5, U. S. Qeologlcal 
Survey, p. 311, 

tThla result IB obtained In the lollowlng mauner: (The altitudes A. 
T. are mainly from Carll's Bept. IIII. 18B3, 3d Oeol. Surv. Penna.) 
Altitude, Pope Hollow congl. (up. 8ur.)at P.H.. .1940 /oet A. T. (p. IBl) 

" " " " at MuCoy's 
« miles south-south west of Pope Hollow 1800 feet A. T. (p. 206) 

Difference 140 feet. 

Hence, rate of dip along this line =33-|-feet per mile. Produce this 
line 4 miles to "A " (see PI. in). Here the horizon of the Pope Hollow 
congt. should have an elevation of a033+ft. A. T. This less 190 feet 
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The diacovery of a bed of this character, occupying so low a 
poaition in the Chemung group, may at first Beem somewhat 
strange ; nevertheleaB eimilar beds occupying similar positions 
have been met with before. Professor Hall, in diBcusaing the 
"Carboniferous System" of this part of the state, remarks: 
"There is another conglomerate in Chautauqua county, and in 
fiome places in Alleghany county, which was briefly noticed under 
the Chemung group. This, however, is a thin mass, and wherever 
it has been found in place, is associated with flne-grained compact 
Bandstones, and frequently contains the fossils of the Chemung 
group. In the northern part of Chautauqua county, I found 
some loose masses of this conglomerate, containing fossils known 
to belong to the Chemung group, and by this they were chiefly 
identified. The aspect of the rock ia also somewhat different ; 
the pebbles smaller, more round, and not of the same white quartz 
which occurs in the higher rock,"* 

The writer also has seen a like formation as far north as the 
Tillage, of Cheny Creek, with an altitude above tide of not over 
1400 feet 

It would indeed be premature to assert that all these exposures 
are but the northern outcroppings of the tow-lying Jamestown 
conglomerate ; no assertion of the kind, either pro or con, can be 
made with propriety until the localities so vaguely referred to by 
Hall are more definitely known, t 

In endeavoring to trace this formation southward and ascertain 
its relations to the oil aanda of Pennsylvania, one meets with two 
eerions difficulties: (1) the number of borings is, for some dis- 
tance, comparatively limited, and (2) the records, if kept at all, 
are generally too inaccurate to be of any particular value. One 

(see PI: v) = elevfttlou of the Panftma cong. at "A." Alt. Paiiam» 
conglomerate at Panama, 1671 feet A. T. (p. IBl), hence, difference in 
alt. at "A" and Panama = ITl feet. 
171X11 (■Jamestown being 1| the distance from Panama 

to ■'A")=9fl.Me7l ft. -^90 tt. — alt. Panama c«ngl. 

at the Jamestown well If It were there represented. .1797 feet A. T. 
Alt. Jamestown well conglomerate (see PI. iii.) llOiifeelA. T. 

Difference 662 It. Q. E. D. 

•Geology of N. Y., Part IV. 1843, toot-note. p. 286. 

tProf. J. P. Lesley has too hastily correlated the beds mentioned by 
Hall, with "one of the thin conglomerates outi'Topping at Warren, 
Pa." 2d Geol. Surv. Pa. I, 1874, p. 108. 
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well, only, seems to deserve special notjce here ; it is located about 
S j- miles southeast of Jamestown, and is Gomm<Hily known aa the 
Weeks or Fentooville well. In this, Garll finds the upper surface 
of the second sand of the Wanen oil field at a depth of 276 feet 
below the surface, or 964 feet A, T.* It evidently forms here a 
conglomerate, for it is said to consist of blue sandstone "mixed 
with white pebbles ;" its thickness is given as 30 feet This corre- 
epondfi fairly well with the Jamestown conglomerate, in lithological 
characterB, in thickness, and certainly in stratjgrapbic poeition.t 

(B), Sub-Conglomerate Beds. — Immediately beneath the con- 
glomerate, follow gray arenaceous shales, containing but little 
calcareoQS matter, with few or no traces of animal life. These 
grade down into softer and more argillaceous deposits, which in 
turn at a depth of 38& feet, suddenly become hard and calcareous, t 
and 80 coutJDue for at leaat 35 feet Still lower, the soft argilla- 
ceous phase reappears, and throi^hout the remainder of the Che- 
mung group, continues with but alight variations. 

PORTAGE OBOUP. 

The dividing line between the Portage and Chemung groups in 
this section, has, to be sure, been somewhat arbitrarily placed at a 
depth of 950 feet Yet, that this represents the truth with a fair 
degree of approxtmaUon may be judged from the following con- 
siderations: (1). Bits of calcareous matter, apparently of shells, 
were found in the drillings from a depth of 900 feet. Since the 
fauna of the upper Portage is exceedingly meager, the bed here 
represented is doubtless Chemung. (2). The material at a depth 

*Bept. nil, MGboI. Surv. Pa. 1883, p. IT. 

fB; taking Into consideration the elevations or the Pope Hollow 
conglomerate (or Its probable equivalent — the WrlghtsvlUe conglom- 
erate) as It outcrops »t Miller's cliff (1630 It.), McCoy's (1800 ft.) and 
Pope Hollow (1940 ft.), as given by Carll In Kept. IIII, and by obtaining 
from any reliable map the distances between these three points, Its av- 
erage dip will, upon computation, prove to be 33— feet per mite, B. 18° or 
19" W. 

Assuming that this is the approximate direction and amount of dip 
of the conglomeraU; In the Jamestowu weti, Its upper surface should 
be found lu the Weeiis well at a depth of 984 feet A. T., since the latt«r 
Is 8.4 miles S. 38° E. of tlie former. This apparent discrepancy can 
be readily accounted for, since, as will be shown farther on, the dip 
becomes greater, and swings gradually to the cast as we dcsftnd In the 
geological scale. (See "Strati graph teal Deductions.") 

^Probably the roprusentative of the " hard shell " Id the FcDtonvIlle 
well. See 3d Qeol. Surv. Pa. IIII, p. 17. 
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of 950 feet ie Bomewhat aren&oeoua and micaceous, and contains 
fragments of coal as does the Portage in northeni Ghautaui^ua, 
(3). Below, the arenaceoueness disappears ; and at a dopth of 
1175 feet, a small Palaoneih was found, which is certainly a 
Portt^ form. 

Assuming that the group in question begins at a depth of 950 
feet, it may be thus characterized : An ai^IIaceons formatjofl 
thronghout ; geoerally steel gray in color, though interspersed 
above with occasional dark, thin, bitaminous strata which become 
thicker towards the base of the group. In two instances, viz. , at 
depths of 1450 and 1725 feet, these dark shales assume a reddish 
or brownish hue, and represent, doubtless, similar conditlouB of 
deposition if not similu- horizons to those termed "red rock " in 
the FcntonvUle well 

A very perfect specimen of Cardiota retroHriata von Buch. 
{Olgptocardia tpeciota Hall) was found at a depth of 2000 feet 

At the base of the Portage group as represented in this section, 
there is a mass of slaty shale 100 feet thick. No representative 
of the Cashaqua shale seems here to exist, at least none such was 
recognized. 

OENZSSEE SSALE. 

Gas was encountered at a depth of 2265 feet in far greater 
quaatitieB than at any other place in the well. The shales at this 
point appear fissile, and give a brown streak as does the typical 
"Genessee slate." Below, however, they become slaty and ap- 
pear like tbe black beds in the Portage above. 

HAMILTON GROUP. 

There is much doubt in the mind of the writer as to where the 
Genesee terminates and the Hamilton begins. Aa remarked 
above, Idle lower portion of the black shale deposit is by no means 
typical Geuessee; neither can It be classified as Hamilton.* Beds 
of this group, however, do appear at a depth of 2330 feet, and 
continue wit^ slight variations for 180 feet; they are gray, soft, 
and calcareous, and contain uamerous fn^meuts of shells. 

At a depth of 2510 feet, a hard limestone makes its appear- 
ance ; black at first, but grayish below, and more or less cherty 

•It may be thai there Is here a partial transition from the New York 
system of classlflcatlon lo that of Ohio, wherein the block abales (S165 
fD.-S%30 rt.) represent In part the Huron group of that state. 
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thronghouL Its stratigraphic relation to a similar Uiougti thicker 
bed encountered in a deep well near Brie, Pa., is shown on 
plate IV." 

Below this limestone, gray calcareous shales reappear, and eoo- 
tinue to a depth of 2670 feet, when they snddenly become very 
dark and fissile. This phase continues for about 45 feet when a 
second limestone appears. Nothing corresponding to this was 
noted in the Erie well ; but it apparently does have a representa- 
tive in a wellt at East Aurora, Erie Co., N. Y., as shown in the 
plate Just referred to. 

MASCELLUS QROUP. 

At a depth of 2725 feet, black shales reappear and continue for 
about 60 feet, to the upper surface of the Comiferous limestone. 
It is possible that all these shales do not belong to tbe Marcellns 
group, but that they are in part Hamilton. Again, tbe 45 foot 
bed of dark shale immediately overljing the limestone just de- 
scribed, appears in every respect like a typical Marcellua deposit. 

ITPPER HXLDERBURO ORODP. 

The Comiferons limestone was fonnd at a depth of 2775 feet. 
It seems to present no unusual features, being generally pure 
though sometimes siliceous, and varying in color from a light to a 
dark shade of gray. No line of demarcation is observable by 
which this limestone can be separated from the Onondaga below. 
Their total thickness is about 150 feet 

ONONDAOA SALT OROUF. 

This differs from the above, principally by the more frequent 
occurrence of argillaceous bands, and the greater diversity in 
texture and color of the limestone strata. The group was pene- 
trated to the depth of only 338 feet 

//. Slraliyraphic Dedvctiont. 

(A) Dip. — From the following localitjes and altitudes of the 
Comiferous limestone (upper surface), the amount and direction 
of Its dip can be readily ascertained. 

Black Rock, Erie Co., N, Y +835 ft. A, T. 



*Comp[lcd from manuscript notes blndly turnisbad by Mr. Charles S. 
Prosscr. C S. Guologlcal Survey. 
tAlao from Mr. ProBser's notes. 
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Whence, haviog solved with respect to dip, — 

Dip of Comiferona Iime8tODe=43 feet per mile, south, 17° E. 
Likewise by taking the localities and altitodea of the Pope Hollow 
conglomerate aa given in the preceding pages, its dip will be fonod 
to be 23-feet per mile, south 18° or 19° west 

The diSereoce iu direction and amount of dip in these two for- 
mations is, accordingly, very marked ; yet it caa be readily ex- 
plained : While the effects of the Cincinnati uplift are so felt in 
this r^on as to give the dip of the Comif erous limestone a moder- 
ate eastern deflection from true meridian, the thickening towards 
the south and the thinning towards the west of the superiiicunibent 
formations is such as to reader the dip in the Pope Hollow con- 
glomerate far less than that of the Comiferous limestone, and to 
give it a strong western deflection.* 

That these formations thin oat rapidly going westward, is a fact 
too well known to require any special comment here ; the < ' thick- 
ening towards the south," can be demonstrated as follows : 

Altitude of boriion "C" at "B" {See plate v.) about llSOft. A. T, 

" *' " Jamestown well 3TS ft. A. T. 

Difference In altitude 775 ft. 

Diat&nce beiween "B" and Jamestown Ziyi mis. 

.'. Bate of dip along this line 2S4-tt.perml. 

Dip of Pope Hollow conglomerate In same direction. . 33 ft. per ml. 

Hence the thickening of that portion of the Chemung group 
which lies beneath the Pope Hollow conglomerate, at a rate of 5 
ft per mila 

Again, Alt. of horizon "b" at "C" S73 ft. A. T. 

" " " Jamestown well -MO ft A. T, 

Difference In altitude 1513 ft. 

Distance from "C" to Jamestown 44 miles. 

Hence, rate of dip of lower surface of Portage group =34. 4 ft, 
per mile, or about 6. 4 ft more than that of the upper surface. 

Finally, Alt. of Comiferous limestone at Black Bock 625 ft. A. T.f 

" " " *' Jamestown -1450 ft. A. T. 

Difference In altitude ao7.'i fv. 

Distance between Black Bock and Jamestown se.3 mis. 

*A similar difference In rate of dip of the Comiferous limestone and 
upper Chemung, or lower Coal Measures, has been noted by Prof. H. S. 
Williams along his Genesee section. Bull. U. S, Geol. Surv., No. 41, 
pp. 103-104. 

fC. A. Ashburner: "Petroleum and Natural Qas In the state of New 
York." Trans. Amer. Ins. Mln. Eng., Vol. xvl, 18B8, p. 921. 
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. Hence, rate of dip of lower surface of Morcellua group = 35 — ft 
per mile, or, elightly more thao that of the upper surface of the 
Genesee elata 

It should be borne io mind that the << dtps " given above are but 
general averages along a line from Black Rock to Jamestown, or 
about S. 18° 10' W., and do not, therefore, represeot the true 
rates of dip in the various tormatjons referred to. This fact, 
however, has no particular bearing on the results Just obtained ; 
but there is another consideration tJuit must be taken into account 
here, and that is local dip. 

In the Golbum well at Fredonia, the Comiferous limestone was 
found at a depth of 315 feet* below tide ; in the Jamestown well, 
as has already been remarked, the same formation was met with 
at a depth of 2775 feet below the surface, or 1450 feet below tjde ; 
the distance between the two localities being 24 miles, it necessa- 
rily follows that the average rate of dip of the Comiferous lime- 
stone is here no less than 47 feet per mile. This is greater by 4 
feet per mile than the average dip given for the area, Black Rock 
^Tameetown — Erie, evidencing, accordingly, a local rise in this 
limestone formation in the vicinity of Fredonia. This would 
probably slightly modify the general inclinations of the various 
formations given on plat« iitt, and would tend to lessen the rate of 
dip from Black Rock to a point in the section not far from "B," 
and to cause an increase from the same point to Jamestown. 

(B). Thickness. — With the above^iven data, it now becomes 
possible to determine the total thickness of the Marcellus, Hamil- 
ton, and Grenesee, as well as that of the Portage, with greater 
precisioD than has been done heretofore. Making a slight allow- 
ance for the influence of the Fredonia rise, the dip from "D" 
(the point at which the upper surface of the Comiferous limestone 
descends to the level of lake Erie) to " C " (where the base of the 
Portage dips beneath the lake) is about 32 feet per mile. Since 
the distance is 15 miles, the total thickness of the Marcellus, 
Hamilton, and Genesee, is 15x32 ft or 480 ft 

Again, the dip along line «b"-"b," from "C" to "B" is about 
31^ ft per mile. The distance between these two points is 16 
miles; "B," moreover, is about 577 1 feet above "C. " The thick- 

"Ibldem. 

tDetermlned by the writer whfle under tbo auaplces ot the Palteozolc 
Division of the U. S. Oeoloffical Survef. 
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nesB of the Portage group at "B," is therefore 31 j- ft x 16 -f" 
677. = 1081 ft, or, approximately, 1080 feei 

Hence, contrasting these figures with those derived from the 
Jamestown well section we hare : 

Erie, or Northern 
Chftutauqua county. 

(1) 1080 feet.... 



(3) 4B0leet — 

Professor Hall has estimated the ' < aggregate thickne&a " of the 
Portage group in northern Chautauqua county a& " little less than 
1400 feet"* This result he eridently obtained by Buppoaing that 
the dip along the shore of lake Erie from near the mouth of 
Eighteen Mile creek to Chautauqua creek Ib 25 feet per mile. 
<!7aloulations based upon the depths already given at which the 
Oomiferous limestone was struck in the Fredonia and Erie wells, 
together with its altitude at Black Bock, show conclusively that 
the true rate is but 16 feet per mile. Making this change, the 
"aggregate thickness" becomes 1040 feet, — a fairly accurate 
result 

The Genesee alate is said by Hall to be 23 feet and 7 inches 
thickt as it crops out on the shore of lake Erie, near the mouth 
of Eighteen Mile creek. Add to this, 300 feet, for the combined 
thicknesses of the Hamilton and Marcellus ns given by professor 
Williams in "The Petroleum Age,"I and the total for ttie three 
groups becomes 323 feet and 7 inches; or, about 150 feet less 
than the estimate given above (see "2"). U 

III. Addenda. 

POPE HOLLOW SECTION. 

In order to further the correlation of the conglomerate and 
iDt«r-conglomerate beds in southern Chautauqua county, N. Y., 
with those of Warren county, Pa. , the writer takes this opportu- 
nity to make known the following detiuls regarding a section 

"Geology of New York. Part IV. 1S43, pp. 238-339. 

■HJeol. N. Y. Pt. IV, 1843, p. 321. 

jop. cit. vol. VI, Juue, 1887, p. 1643. 

lAccordlng to the MS. notes of Mr. Prosser, the aggreRftte thickness 
of these groups in the East Aurora well section, amounts to 520 feet at 
least. This Is not surprising, since according to Hall, both Oenesee 
and Hamilton thicken rapidly going eastward from lake Erie. 
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made by bimseU ee^'erat years ago along the northern flank of 
Pope Hollow, aboDt one-third of a mile from its western terminus. 

Altitades were determined by the ose of a hand level, and are 
reckoned from the highway that traverses this miniature cafion. 

The lower portion of the section (see PI. Ti.) could not be 
studied in a eatiafactory manner owing to the general prevalence 
of soil and nnderbrosh, together with debris from above. At this 
particolar locality, too, the exact limits of the Pope Hollow con- 
glomerate are rendered indefinite by loose material, brush, ete. ; 
one-fourth of a mile farther west, it stands out in bold relief, with 
its upper surface 110 feet* below the sommit of the slope. 

Paleontol<%ically considered, this section admito of three sub- 
divisions (see PI. TI ). 

(1 ). Braehiopod Srriea. The various bedshere included, con- 
^t of alternate layers of dark, aometimee greenish, ahale, and grey- 
ish argillaceons sandstone, which show no marked change from 
a bight of 100 to 285 feet above the highway. The argillaceous 
layers in particular are often literally packed with Spirifera dit- 
Juneta, Rhgnehonella -contracla, together with frequent specimens 
of Chonetet tcitula, ProducUlla ojiiutaf and occasional fragment 
of crinoid stems and Bryozoa. Only one lamellibranch was noted, 
a Nucvla. 

Above these beds, rests a very fine-grained conglomerate, of 
bnt five feet in thickness. Its pebbles are small and clear, and 
are set in a dull, greenish, somewhat ai^llaceoos matrix. Special 
attention is called to this bed for two reasons : (1) its position is 
such as to render it the probable representative of the Panama 
conglomerate, and so it has been correlated on plate yi, with 
Hall's sectjonsf at Warren and Panama. (2) it serves to mark in a 
general way, the dividing line between the Braehiopod and 
Lamellibranch series. 

(2) Lamellibranch Series. Above thin conglomerate atrattini, 
the dark, soft, green shales and grayish sandstone reappear, and 
continue for some distance with but slight variations. The}' con- 
tain Spirifera dujuncla and Rhynchonella contraeta, though by 

•A tact courMrtiuBljf furnished by Prof. J. P. Carll, 

tThc Warren and Panama sccllona given on plate vl are malnljr 
a(t*tr Hall, thoHRb the present writer has added the terma (Pope Hollow 
conal.?) and (Panama congl. I totbe former, and lias given thePauama 
conglomcraco and Its overlying beds in a diagrammatic form. See Proc. 
A. A. A. a., xxxlll, im, pp. 410-419. 
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no means in auch abundance as did the series below. Moreover, 
a Pararca was found at this general horizon ; it was not in place 
but hod evidently lallen from a ledge close by. 

Still higher, at an altitude of 370 feet above the road, ttie rocka 
become more arenaceous, are more heavily bedded, and yield but 
few fossil remidns. Nevertheless, the few species here noted* 
are sufBcient in themselves to determioe the horizon of the beds 
that contain them as either the equivalent of the Panama con- 
glomerate or of beds that lie not far above it In the Proceed- 
ings of the American Association, professor Hall remarkst; 
"In following the Chemung group in its exposures from Panama 
to the southwest, and beyond tJie limits of New York, we find 
the higher members to consist of a bluish, ahaly sandstone con- 
taining great numbers of separated valves of ISpirifera ditjuncta, 
which bear evidence of having been drifted and worn before 
embedding. Associated with these water-worn and separated 
valves of Spirifer are shells or casta of Ptychopteria not dissimilar 
from the species abundant in the conglomerate of Panama.," 

According to Mr. F. A. Randall, the genus Fiyehopteria occurs 
in the Warren section (see PI, vi) between the base of the "Flat 
pebble conglomerate " and the "Impure limestone." If, however, 
the correlation suggested on PI. vi, be correct, such forms of 
this genus as were found in the Pope Hollow section, may be ex- 
pected from the flaggy layers at least fifty feet above the last men- 
tioned stratum. 

The greatest altitude at which fossils were found in place was 
440 feet above the road. Here was noted a species of Ft^chop- 
teria probably perlala, though of only half the dimensions of 
that species as figured by Hall, (N. Y. Geol. Surv., Pal. vol. 5, 
pt 1, pi. 85, fig. 38). An external impression of Spirifera dit- 
juncta was seen in a loose fragment of the Pope Hollow con- 
glomerate. 

Concerning the conglomerate itself, little can here be added to 
the description given by Carll in Rept IIII, 

(3). Barren Series. This series has been so named from the 

'Ptychopterla thellg, T. (Pp. size of Viells, but form of beecherl), P. 
(psrldta la form), Spirifera dfjtfuncta. (rare), Productella (rare), AvUm- 
lopeeten duplicatugt (concentric airlation taint, visible only between 
the costie), 

tProc. A. A. A. S., xxxili, 1884, p, 416. 
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fact tJiat it GontainB few or no organic remains. It is Api^teatly 
homogeoeoue throughout, consistii^ of thin, hftd, evenly bedded 
flaggy layers which are vfyy noticeably micaceous. 

From the eo-called barren shales of the Warren section Prof. 
Hall cites Tropidocarit inUrrupta and " fragments of the shellsof 
Spirt/era ditjuncta," while the corresponding beds in the Panama 
section are ''totally barren of foasils of any kind — as far as 
observed. " 

U. S. Geological Survey, December, 1890, 



THE ROCKS AT ST. PAUL, INDIANA, ANDVICINITY. 

Charles 8, Beachlek, CrawFordsvUIe, Iiid, 

The rocks at St Paul, Indiana, exposed along the small stream 
teown as Flat Bock, may be described as an arm two or three 
miles wide, extending in length for about fifteen miles, in a south- 
westerly direction from the main belt of Upper Silurian rocks. 

This arm may readily be referred, by its fossils, to the Niagara 
group ; its exposure being a result of tbe eroding away of the 
thin Upper Helderberg stratum of limestone overlying it, while 
tbe streams have cut their channels throi^h the rocks, thus giv- 
ing a section of the entire strata of the Niagara group in this state. 

The rocks are covered with Devonian dirt which has been carried 
a short distance from the north-east, as seen by the glacial mark- 
ings on the underlying rocks ; tbe fossils found in the dirt, Favo»itet 
/orbesi Hall, Atrypa reticularit Linn., are in a perfect state of 
preservation and show no marks of their transportation — so they 
could not have been carried very far. 

A section of the rocks at St Paul may be taken as a tj-pical 
section of the rocks of this group in this state, as it exhibits four 
toell marked Urata as follows ; 

Drift, Devonian dirt, containing Devonian corals and brachio- 

No. 5. Upper Hplderborg Hmeatone overlying Niagara. 

No. 4. Blue shale (The Waldron fossil bods, 10 feet). Seen on Mill 

crcdk. a short distance above the point where It flows Into 

Flat Rock. 
No, 3. Thinl]' lamlnBt(>d limi^stone, thickness IS feet; coutalning 

Pls»cr(riu« gemmiformliiA. A. Miller ; P. globoaat RIngueberg; 
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"pear shape crinold;"" Stephanoerlnta Mgoodenale S. A. 

Miller. 
No. 3. Cherty beds, containing thin plates ol limestone In which are 

found the samn fossils as In No 3., thickness 15 leeL. 
No 1. Heavy laminated quarry rouk. containing fossils In No. 3 but not 

In such profuiilon, the upper or " Dagging" layers containing 

in addition cysttds and large cephalopods, Qyrocerag elrodl 

White, OrOwceroi anniiUitumSoweibj. 
Comparing the outcrops of Decatur county — Gi«ensbnig, Karris 
City, Westport — with the quarries at Osgood in Bipley county, 
they may be readily referred to bed No. 1 at St Paul. 

At Moscow, in Rush county, below the village, is seen two feet 
of shale (Waldron beds) overlain by Upper Heiderbei^ ; halt a 
mile below are quarries of limestone, equivalent of bed No. 1 at 
St Paul, in which were found new genera of crinoids. 

At Anderson, in Madison county, the rocks are more of a mag- 
nosian character, containing PUocriuut pentahbui W. &Sp. , P. 
gemmiformh S. A. Miller, P. globoiut Ringueberg, equivalent of 
bed No. 1 at St Paul. 

Comparing the fossils we find them nearer the New York than 
any other western locality ; the majority of species arc identical, 
with twice the number of species of crinoids, the new forms l)eing 
of the same genera, while not a single Cart/ocrtnus which occurs 
In New York, Illinois, Wisconsin, Iowa, and is abundant in Ten- 
nessee, has been found in Indiana ; a few lai^e cystids however 
have been found, mostly in the limestone. 

The true crinoids in the limestone are so small that very little can 
be told of their structure as they are only partially weathered out 



FURTHER NOTES ON THE CHEYENNE SAND- 
STONE AND NEOCOMIAN SHALES. 

By p. W. Ckagis, Topeka, Kansas. 

During the summer of 1890, and since my article, "On the 

Cheyenne Sandstone and the Neocomian Shales of Kansas," as it 

appeared in the Amereca.v Geologist, was written, I have gatii- 

ered some additional data touching these formations. 

By the favor of Mr. Frank D. Healey, I have been shown a lo- 
*An undcscrlbed crinold, with no arms or arm openings, no rhombs 
or pores, probably a transition between crinoids and cyatlds. 
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cality on the North Canadian or Beave' river, about longitude 
100° 12' W., where both the larger and the smaller varieties of 
Gryphxa pitcheri occur in Loup Fork Tertiary coaglomerate, some 
of the specimens showing verj' little wear, and bearing witness to 
the fonner extension of the Neocomian over that region. 

Oecurreneea reported to me from points not far northeast of 
Tascosa, Texas, arc probably referable to the Neocomian. 

I have also reconnoitred that portion of the "Cherokee Outlet" 
and "Panhandle of Texas" adjacent to the Cimarron river and 
the Panhandle extension of the Santa Fe railway southwest to the 
main Canadian. Loup Fork Tertiary sandstone, or more com- 
monly the sandy decomposition-pi'oduct of the same, cloaks the 
divides and their south slopes, resting in general directly upon 
"red-beds" of almost vermilion red color and of supposed Tri- 
asaic age above, and of dull, brownish red color and supposed Per- 
mian age below, tbe great gj-psum horizon of that region ; yet the 
data in hand leave little room to doubt that lower Neocomian 
strata once prevailed from the western border of ftlcPberson county, 
Kansas, across Ford and Kingman counties and portions of the 
Cherokee Outlet and the Public Lands, to the foundations of the 
Llano Estacado. 

By the courtesy of Prof, Hill, of the Texas geological survey, 
I have been able to traverse with him a course from Millsap, 
Texas, to Weatherford, and thence to Granbury , and thus to 
confirm his reference in 1889,* of Nos, 5 and G of my Belvidcre 
section to his Fredericksburg shale and Trinity sandstone, respec- 
tively. 

The palieontologic and lithologic identity of No. 5 of my Belvj- 
dere section with a certain, shell-conglomerate occurring at Weath- 
erford — the lowest known Gryphtea-bearing horizon of Texas — is 
such OS to warrant me in asserting the essentia] chronologic equiv- 
alency of tlie two horizons, t This conclusion is borne out by the 
general resemblance of tlie fauna of the strata a little above the 
Weatherford conglomerate to that of those similarly situated with 
reference to Belvidere No. 5, though in these there is not quite so 
close a lithologic correspondence. 



"Annual Re|>orC of ibe GiKiloglral Surveyor Arkansas for 1688, p. 115. 
lAmong other forms common to buth strata, Idonearca vulgarU, not 
hitherto listed from Texas, was luzldeutally noticed. 
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I would here call attentioa to the small phase of GrypAxa pilch- 
tri which aboands alike in the Weatherford shell -cod glomerate 
aod in horizon No. 5, of the Belvidere section, and which t have 
elsewhere characterized ae a pitcheri-like form tending more or teas 
toward the aspect of G. incurva. It might quite as appropriately 
be described as a form of Gryphmt incurva, tending more or lees 
toward G. pitcheri. From the view that it is merely the young of 
G, pitcheri, there are strong reasons for dissenting ; for if it 
were, it would eeem a strange circumstance that G. pitcheri should 
present to us only yoang in its lowest horizon in both Texas and 
Kansas, and chiefly adults in its higher horizons, associated with 
occasional small forms much more like said adults than like the 
small phase under discussion. I hold it to be a strongly marked 
type, an ancestral, or perhaps a phy si co-geographic form of G. 
pitcheri, of at least varietal value and of great Importance as a 
key to stratigraphic relationships, and I would propose for it the 
name of Grj/phcea pitcheri yiort , var. hilli. 

The Cheyenne sandstone may be regarded as the much abttnn'i- 
ated representative of the series of incoherent sandstones underlj'- 
ing the above-mentioned Weatherford shell-conglomerate, and out- 
cropping between MiJJsap and Weatherford In alternation with 
harder strata containing Pleurocera, Nerinaa , and other forma to 
the most of which southern Kansas can show nothing similar. 
The upper and major portion of the basal stratum of friable fer- 
ruginous-yellow and white sandstone seen on Grindstone creek and 
its tributaries a little east of MiJlsap, resting upon the enKlcd 
Carboniferous — from the harder elements of which its basal con- 
glomerate portion is derived, — \>ean eppi^ial* lithologic resem- 
blance to a very common phase of the Cheyenne sandstone. 



BAUXITE IN ARKANSAS. 

By John C. Branskb, PIi. D.. fiUlc (leologiBl of AiknimiU!. 

The geological aur\oy of Arkansas has discovered deposits of 
bauxite in that state, the first considerable ones thus far found in 
this country. In 1H87 a small deposit was discovered in Floyd 
county. Georgia, but that is said to cover "an area of about half 
an acre" only.* 
•Trans. Am. Inst,. M. E., XVI., p. iio.l. 
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The Arkansas beds oci-ur near iJie railway in the vicinitr oF 
Little Rock, Pulaski oountr, and near Benton, Saline count}-. 
The esposures vary in size from an acre to twenty acres or more, 
and aggregate something over a square mile. This does not. in 
all [>robability, inclnde the total area covered by bauxite in the 
coonties mentioned, for tlie method of occarrence of the deposits 
leads to the supposition that there are others as yet undiscorered 
by the snney. 

In thickness the beda vary from a few feet to over 40 feet, with 
the total thickneiB undetermined ; the average thickness is at least 
15 feet 

These Arkansas deposits occur only in Tertiary areas and in Uie 
neighborhood of eruptive syenites ("granites") to which they 
seem to be genetically related. Id elevation they occur only at 
and below 300 feet above tide level, and most of them lie between 
21)0 and 270 feet above.tide. They have soft Tertiary beds both 
above and below them at a few places and must therefore be of 
Tertiary age. Aa a rule, however, they have no covering, the 
overlying beds having been removed by erosion and are high 
enough above the drainage of the country to be readily quarried. 
Erosive action has removed a part of the bauxite in some cases, 
but there are, in all probability, many places at which it has not 
yet been even uncovered. 

It is pisolitic in structure, and, like all bauxite, varies more or 
less in color and in chemical composition. At a few places it is 
BO charged with iron ttiat attempts have been made to mine it for 
iron ore. Some of the samples from these pits assay over 50 
per cent of metallic iron. This ferruginous kind is exceptional, 
however. From the dark red varietjes it grades through the 
browns and yellow to pearl gray, cream-colored and milkj' white, 
the pinks, browns and grays being the more abundant Some of 
tlie white varieties have the chemical composition of kaolin, 
while the red, brown and gray have but little silica and icon, 
and a high percentage of alumina. The analyses given below 
show tliat this bauxite is as good as that of France, Austria, and 
Ireland, for the manufacture of chemical products, for refractory 
material and for the manufacture of aluminum by the Deville pro- 
cess. Should there be a market in this country for such material 
Arkansas will be able to supply any demand that may be made for 
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it No use has ever been made of the Arkaaaas material except 
for road building; indeed it was not known what it was until Jan- 
uary' last when the announcement was made by the state geol- 
ogist in a letter to the governor. 

The following analyses made by the state geological survey 
show the compoeltion of average aamplea : 

PARTIAL ANALYBSa OF BAUXITE FROM ABKAN9AB. 

I. II. HI. IV. V. VI. VII. VIII. 

Alnmlna SS.SQ 57.62 SB.60 65.89 44.81 62.05 55.64 51.90 

Silica 10.13 11.48 3.34 E.ll 33.94 2.00 10.38 16.76 

Ferric oxide... 6.08 1.83 S.ll 19A5 1.37 1.66 1.95 3.16 

Titanic oxide B.OO 3.50 3.50 3.50 

Loss on IgDltloD 

(water) 38.99 28.63 28.63 17.39 17.28 30.31 27.62 24.86 

Average of fourteen partial analyses of bauxite from France, 
Austria and Ireland. * 

Aluraloa 53.7 per cent. 

Silica 7.1 " " 

Ferric oxide. 19.1 " " 

Water 16.4 " " 



THE BEACH PHENOMENA AT QUACO, N. B. 

By Chablbs LrVY Whittlk, Cambridge, Maas. 

The abnormally high tides of the bay of Fundy have permitted 
the existence of a beach line, or bar across the harbor of Quaco, 
a parallel of which does not occur at any point on the Atlantic 
coast south of the seaward end of the bay. Similar bars now con- 
nect the former islands of Marblehead and Nahant off the coast o 
Massachusetts. These, like bars in general, have their concavity 
opening towards the feteh of the waves, and at no time are they 
fiubmerged unless it be during the pn^ress of a severe Btorm 
which may temporarily destroy them, wholly or in part, by beach- 
ing. They are usually capped by a ridge of targe-eized pebbles 
forming the storm beach, 

The harbor of the village of Quaco, which is an arm of the bay 
of Fundy, in extent is some three miles north and south, and two 
miles deep, This beautiful water area is bordered by steep cliffs 

'From analyses principally by Salnt-Claire Devllle given In the Ann. 
de Cblmie et de Physique, LXI, 1861, p. 30B et seq, ; Bull. Soc. Geol. 
de France, XVI, 1888, p. 345 ; DInglar's Polytechalsches Journal. 198, 
p. 150, and 234, p. 465; BIschoFs Feuerfesteu Thone, p. 194; Percy's 
Metallurgy, p. 133. 
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on the north and aouth cut in red Triaasic saDdebme, and stretch- 
ing acrosB it in magnificent sweeping curves are two walled 
beaches marked by lines <A shingle ; an outer one, or bar, only 
broken in two places by small streams which cross it at low tide; 
an upper one, or normal storm beach, also broken in two places 
but at high as well as low tide. A coastwise stream flowing 
south during the retreat of the tide and north during its advance 
has produced the outer beach aided by the conllguration of the 
coast line at this point In all respects, but two, it is in nowise 
dissimilar to ordinary bars formed southward along the Massa- 
chusetts coast These two differences are dependent on the ab- 
normal run of the tides in the bay. Here the bar forms an 
outer water line at low tide ; off Massachusetts such a bar marks 
a water line at high tide only, The Quaco bar is covered by the 
advancing and retreating tides twice a day ; the Massachusetts 
bars are seldom or never covered. To the rapid run of the tides 
in the bay the existence of the bar is due, as the energy of the 
breakers seems to spend itself against the beaches mainly at high 
and low tides, and points intermediate between these feel but 
little of the force of the waves as expressed on the two lines of 
shingle. The tides come up the harbor faster than a man can walk, 
pass over the bar without destroying it and as rapidly advance to 
the upper beach line, completely submerging the lower. Conversely 
the same is true of the retreating tide. In cross section the lower 
beach is very variable not only in its several parts but there are 
variations dependent upon the season. Old residents of Quaco 
informed me that they had known it to be nearly destroyed during 
severe storms from the south-east Landward, iu hight above 
the gently-sloping surface of the beach, as a whole it is seldom 
over five feet and locally decreases in elevation so that it practi- 
cally disappears. The seaward slope is much steeper and the bar 
appears much more pronounced viewed from this side. At the 
two ends the ridges of shingle come t<^ether outlining a rude 
moon-shaped area. Between these two lines it is difficult to find 
large pebbles such as make the crest of the inner or outer beach 
lines. From this it seems probable tliat the outer zone of shingle 
was either brought there from the nortli or south and not trans- 
ported seaward by the undeitow from the upper beach. 

In color, the sand forming the bottom of the harbor, which has 
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been derived from the TriaflBic eirndBtone, is the usaal red that 
characterizeH that fonnatioD, only perhaps it is a little more bril- 
liant than the color of the Connecticut Triassic The broad, 
gently-incliDed beach taken aa a whole and seen throngb the blue- 
green waters of the bay coupled with the steep cliffs that appear 
purple in the distance, and which in many places present mural 
faces three hundred feet high, is wonderfully beautjful. 

In genesis the phenomena shown along the upper or present 
main beach line depend on several geological processes. Tba 
geology of the area immediately about the harbor, although rel- 
atively simple, is extremely interesting. At the south end a. 
ru^ed promontory, called Quaco Head, some eighty feet in bight, 
projects into the bay for a distance of nearly a mile. This on th& 
south-east side is made up of Carboniferous rock (which carries the 
manganese or&bodies of the province) dipping gently nearly due 
south. The lowest member revealed is a much-altered melaphyre, 
probably extensive, on which lies a fine-grained, agglomeritic lime- 
stone carrying masses of melaphyre at its base, varying in diam- 
eter from mere pebbles up to boulders several feet across. 
Scattered through it and a calcareous shale next above, occur 
manganese ores as veins traversing the strata at random and con- 
cretionary masses occupying a definite zone. On the north side of 
the head are thin-bedded sandstones and shales of Triassic age- 
dipping gentlj- north-west and lying unconformably upon the Car- 
boniferous — the line of contact between the two, being beauti- 
fully exposed in a cliff a little distance down the coast south of 
the head. Here the Triassic carries numerous pebbles derived 
from a small bed occurring in the Carboniferous, approximately & 
foot in thickness. 

The red sandstone, following the coast northward through the 
village of West Quaco, passes into a typical beach conglomerate 
lying in the same position as farther south, and forming cliffs 
against which the present waves break at high tide. Induration 
of the conglomerate is but slightly advanced as the pebbles are 
easily separated from one another with the hands. The mutual 
interpenetration of sand grains observed in much indurated 
qnartzites, however is well illustrated here. All the pebbles show 
perfect impressions of these pebbles juxtaposed. The impressions 
are best developed upon the fiat surfaces, indicating that gravity was 
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mainly the operative force prodacing them. Macroscopically the 
outlines of the pebblea do not indicate distortion or craBhing ; only 
occasional crocka radiating from the indentations tell ub how yield- 
ing has taken place. Neariy all of them have been derived from the 
Carboniferous limestone and they therefore show a great uniformity 
as to sue and outline, being well water-worn and quite broad in 
proportion to their thickness, — tlie longer axis corresponding to the 
bedding, althou^ in tlie hand specimens the rock appears entirely 
hom<^Deou8 approximating a fine-grained marble. The present 
upper t)each is made up of Uieae pebbles simply removed from the 
Triassic beacta conglomerate with bat litUe evidence of attrition 
and orginally derived from a Carboniferous limestone ; so that at 
present there is a Quaternary conglomerate being laid down, the 
pebbles of which were eroded during Triassic time. That tbe 
pebbles are not being extensively water-worn by the present wave 
action is shown by the fact that the indentations are only partially 
worn away. This probably is due to the readiness with which 
they are supplied from the relatively incoherent conglomerate, 
their abundance over-taxing the power of the waves to reduce 
them so that they can be carried out to sea by the nndertow, and 
permitting them to be boitt rapidly into a conglomerate. 

Along the line of the present upper beach there are nnmerous 
sea-caves. One of these deserves especial mention as it has given 
rise to a remarkable mushroom-shaped pillar, locally known as the 
" I>evirs Pulpit' This pillar, which is some eighty feet in 
bight, stands at the north end of Quaco Head and has been 
car\'ed out of melaphyre by the wearing away of the Triassic sand- 
stone immediately to the west, tying uncoufonnably on the mel- 
aphyre leaving a wall of homogeneous rock projecting to Uie north. 
Tbe waves advancing from the east first formed a sea-cave at this 
point and finally perforated the mass leaving it attached to tbe 
main body only on the landward side and at the bottom. 

Extending westerly from the extremity of Quaco Head inland 
for a distance of about one mile and at an elevation of ei^ty feet 
above the present high tide level there occurs as fine an example 
of an elevated sea beach as occurs anywhere along our Atlantic 
«)a5t above high water noark. It is a perfect post glacial beach, 
having a gentle ascent comparable to that of the main beach in 
the harbor. Its shore line is veir pronounced and is carved in 
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rocks of varyiDg character, mainly tbosc that arc exposed along 
the south-east side of the head, eruptions, limestones and calcare- 
ous red shale, the last two cariying manganese ores prinuipally as 
nodules of psilomelane and wad. A line of more or less dis- 
tinctly marked sea-caves and clifFs and their acoompanying taluses 
extends across the head forming the water line. Since the close 
of the glacial period the northward extension of the beach has 
been nearly carried away by the encroaching waves, and in Quaco 
harbor a fine section is exposed. Going seaward from the shore 
line a pipgressive diminution in the size of the detrital material 
and its gentle easterly dip are noticeable, the outermost portion 
being largely clay grading westerly into coarser layers ; and, 
finally, at the shore line occurs normal coarse beach conglomerate 
the material of which although waterwom shows the transientness 
of the sea at this level by its much greater augularity compared 
with the material composing present beach deposits. All the strata 
exposed carry an appreciable percentage of Qodules of manganese 
ore derived from the calcareous red shale and limestone ; the wad 
which these rocks contain being iQcpberent was transported far- 
ther seaward, and the general dark color of the clays is probably 
attributable to this cause. Nearly a square mile of beach remains 
in and west of the head. No permanent streams traverse it, and 
it remains to-day essentially in the same condition as when the 
sea retreated. The advent of the ocean apparently found no lai^ 
glacial boulders to contend against ; along the coast line none are 
now seen and the smooth surface of the beach is unbroken except 
by an occasional outcrop of limestoae or melaphyre. That the 
beach remains in so perfect a condition to-day points to a com- 
paratively rapid retreat of the sea ; while the occurrence of the sea- 
caves, imperfect though they may be, and the line of cliffs along 
the margin of the sea point as strongly to a degree of permanency 
in the relation of the land to the sea for a considerable length of 
time that would hardly be expected if the current theorj' as to the 
cause of elevatiou and submergence of the land during glacial 
time be adhered to. 

CiitnliTUlge, Ma«g., Jan. seth, 1891. 
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HISTORY OF LAKE ACASSIZ. 

By WxRRBN Upham, SomRrvIlle, Mass. 
From Part B-oI the Euuiaat reportof the Qool. and Nat Hist. Sur,, Canada. IBSS-SB. 
I. 
During the receaaion of the ice-sheeta of both the earlier and 
later epocbs of glaciation, drainage from the ice-border in many 
places flowed tn channels from which the streama became turned 
by the slopes of tbe land into more northern coursea when this 
was permitted by tbe farther retreat of the ice. Where tbe slope 
ia aouthward, free drainage from the melting ice took place along 
the present valleys, and these were partially filled with modified 
drift, remnants of which form terraces and plains on each side of 
the present etreama. But on areaa that sloped more or less di- 
rectly toward the receding ice-border, the streams of that time 
eroded channels which were abandoned when lower outlets were 
uncovered. Because of the laige supply of water from the glacial 
melting, some of these river-courses became conspicuous topo- 
graphic features, as noted by Dawson* McConnell,t and Tyrrellt 
in variouB parts of the region between lake Agassiz and tbe Ro<.'ky 
mountains. On a slope nearly parallel with the retiring ice-border, 
the deserted river-coursea were seldom the outlets of lakes of con- 
siderable size ; but where a large area was inclined toward the ice- 
sheet, it was covered by an expanse of fresh water, formed by the 
atreama that flowed down from the melting ice surface and over- 
. flowing across what is now a line of water-shed between great drain- 
age basins, until the continued recession of the ice allowed the 
lake to be discharged by the natural slope of the land. Lake 
Agassiz was the largest of these glacial lakes. Othere existed in 
the basins of the James, Souris, and Saskatchewan rivers, of which 
the two last named outflowed eastward into lake Agaaaiz. The 
basins of the great Laurentian lakes, which are being studied by 
Mr. tt. K. Gilbert of the United States geological survey, were 
also filled at this time to higher levels than now, determined by 
the elevations of the outlets through which they then flowed south- 

* Report on the Geology and Resources of thfi n'gion In Ihe vicinity 
of the Forty-ninth Parallol, pp. 263-20S ; Geological Survey ot Canada, 
Report of Progress tor 1882-83-84, p. 1.10 C. 

t Geological Survey of Canada, Annual Report, vol. I, for 1885, pp. 31 
and 74 C. 

X Du., Annual Report, vol. II, for 188e, pp. 43, 45 E, and 145, 146 E. 
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Trard to the MiBSisaippi and fioally eastward to the Mohawk aad 
Hudson. * 

In tracing the histoiy of lake Agaaeiz it will be needful to re- 
Tiew the receseion of the ice-sheet which was its northern barrier, 
aa the etagea of that recession are shown by the successive termi- 
nal moraines of Iowa, Minnesota, South and North Dakota, and 
Manitoba ; to observe the stages of the lake itself which are re- 
corded in its succesBive beaches ; and to note the contemporaneous 
history of the glacial lakes on the west, whose outflow by the 
Sheyenne, Pembina, and AsBiniboine brought lai^ deltas into the 
western edge of lake Agassiz and spread deposits of fine silt over 
extensive areas of its bottom. 

When the latest North American ice-aheet attained its greatest 
area, its southern portion from lake Erie to North Dakota consisted 
of vast lobea, one of which reached from central and west«m Min- 
nesota south to central Iowa. This Minnesota lobe in its maxi- 
mum extent ended near Des Moines, and its mai^in was marked 
by the Altamont moraine, the first and outermost in the series of 
eleven distinct marginal moraines of this epoch which ore recog- 
nizable in Minnesota. When the second or Gary moraine was 
formed, it terminated on the south at Mineral Ridge in Boone 
county, Iowa. At the time of the third or Antelope mondne, it 
had farther retreated to Forest City and Pilot Mound in Hancock 
county, Iowa. The fourth or Kiester moraine was formed when 
the southern extremity of the ice-lobe had retreated across the 
south line of Minnesota and halted a few miles from it in Free- 
bom and Faribault counties. The fifth or Blysian moraine, cross- 
ing southern Le Sueur county, Minnesota, marks the next halting- 
place of the ice. At the time of formation of the fifth moraine, 
the south end of the ice-lobe had been melted ba^k a hundred and 
eighty miles from its farthest extent, and its southwest side, which 
at first rested on the crest of the Coteau dcs Prairies, bad retired 
thirty to fifty miles to the east side of Big Stone lake and the 

• "Changes of level of the Great Lakes," by G. K. Gilbert, Id The 
Forum, vol. v, pp. 41T-42S, June, less. Geo!. Sur. of Cftniuta, report of 
Progress to 1863, pp. 910-915. C. Whittlesey, "On the Freah-water Gla- 
cial Drift of the Northwestern States," 1864, pp. 17-22, [n Smithsonian 
Contributions, vol. xv. J. S. Newberry in Report of the Geological Sur- 
vey of Ohio, vol. il, 1874, pp. 50-65, with three maps, " The Lake Age 
In Olilo," by E. W. Claypole, pp. 43, with four maps, Trans, of the Geol. 
8oc. of Edlnbui^h, 1S87. 
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eaet part of Yellow MefHcine county, Minn. During ita next 
stage of retreat this ice-lobe was melted away from tbe whole of 
Lc Sueur county, and its southeast extremity was withdrawn to 
Waconia in Carver county, where it again halted, forming ita sixth 
or Waconia raorune. The seventh or Dovre moraine marks a 
pause in ita receaaion when its southeast end rested on Kandiyohi 
county. Probably nearly all of the southern half of Minnesota 
was at thia time divested of ita ice-mantle, while nearly all of the 
northern half was etill ice-covered. By its next receaaiona the 
glacial border was withdrawn to the eighth or Fergus Falls mo- 
raine, and the ninth or Leaf Hills moraine. These are merged 
together in the prominent accumulations of the Leaf Hilla, which 
lie in southern Otter Tail county, Minnesota, reaching in a semi- 
circle from Fergus Falls to the southeast, east, and northeast, a 
distance of about fifty miles, and marking the aouthern limits of 
this ice-lobe when it terminated half-way between the south and 
north borders of ^linnesota.* The south part of lake Agasstz 
probably began to be uncovered by the retreating ice-sheet between 
Its stages marked by the Waconia and Dovre moraines ; and thia 
lake reached northward from lake Traverse 100 to 125 miles along ' 
the Red River valley when the Fergus Falls and Leaf Hills mo- 
raines were accumulated. 

On the west side of lake Agassiz the Dakota lobe of the ice- 
sheet, from its junction with the Minnesota lobe near the head of 
the Coteau des Prairies, twenty-five milea west of lake Traverse 
and Brown'a valley, at first reached about 200 milea aouth along 
tbe valley of the James or Dakota river to Yankton and the Mis- 
souri ; but It was gradually diminished in ita extent until, at the 
timea of formation of the Kiester, Elysian, Waconia, and Dovre 
moraines, it no longer retained ita lobate outline. While these 
moraines were being formed in Minnesota, tbe southwestern bound- 
ary of the ice-sheet in South and North Dakota passed from the 
vicinity of Big Stone lake and lake Traverse northwesterly along 
moraine belts that have been traced through Saigent, Ransom, 
Bamea, and Griggs counties, North Dakota, and by the sources of 
the James and Sheyenne rivers. During tbe later stages repre- 
sented by the Fergus Falls and Leaf Hills moraines, the Dakota 
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ice-front appears to have become agaia lobat«, extending from the 
vest shore of lake Agassiz southward and then westward and 
northward, between the lake area and the Sheyenne river, to the 
prominent and typical moraines that are found south of Stump 
and Devil's lakes, on the Big Butte, about Broken Bone lake 
and northward, and on Turtle mountain. In their remarkable de- 
velopment these moraines are similar to the ma^ive Leaf Hills, 
with which they seem to have been contemporaneous. 

The course of the ice front where it formed the northern barrier 
of lake Agassiz, at the time of its accumulation of these great 
moraines of the Leaf Hills and the south side of Devil's lake, is 
marked by morainic deposits both east and west of the lake near 
the latitude of 47" 10', which passes twentymiles northof Fargo, 
by an unusual abundance of boulders near this latitude and far- 
ther north on portions of the till forming each side of the lacus- 
trine area ; and by a tract of till which stretches across the Bed 
River valley at Caledonia, constituting the bed and banks of the 
river along the Goose rapids. In the lake this morainic till was 
spread with a generally even surface, but it has many small in- 
■ equalities, the higher portions being three to Qve feet or rarely ten 
feet above adjoining hollows. Boulders and gravel are plentiful 
on its surface, this being the only interruption of the lacustrine 
and alluvial clayey silt which elsewhere continuously occupies the 
central part of this valley plain from near Bteckenridge to Win- 
nipeg. 

Toward the east the ice-sheet at this time had receded from the 
southwest part of lake Superior, which was held about 500 feet 
higher than now and overflowed to the Saint Croix and Mississippi 
rivers by the way of the Bois Brul6 river and Upper Saint Croix 
lake. It seems nearly certain also that the ice-border continued 
across Green bay and the north part of lake Michigan ; and fur- 
ther east, I tbink that it probably crossed southwestern Ontario 
and the central or northern portions of New York, Vermont, New 
Hampshire, and Maine. The Laurentian lakes were dammed by 
the retreating glacial barrier and overflowed at the lowest points 
on their southern water-shed. 

During the formation of the tenth or Itasca moraine, crossing 
the lake region at the head of the Mississippi, the ice-sheet bound- 
ing lake Agassiz probably extended thence northward, passing 
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not far weet of B«d lake and the Lake of the Woods, to the vi- 
cinity of Winnipeg, the Bird's Hill gronp of oaara being perhaps 
deposited at the angle where this boundary of the ice^hcet turned 
back south westward. In that course it seems to have reached 
across the lake area to the boulder-strewn escarpment of the Pem- 
bina mouDtain east of Thomhill, and beyond to have passed south 
along the west shore of lake Agassiz into North Dakota, to Pilot 
Knob in sec 5, T. 1K4, R. 56, thunce westward to the north side 
of Devil's lake, and thence north northwestward by the east part 
of Turtle mountain and along the moraine of t^e west part of the 
Tiger hills and of the Brandon and Arrow hills. 

The eleventh or Mesabi moraine, well developed in northeastem 
Minnesota, is probably represented by morainic accumnlations 
north of Pokegama Falls of the Mississippi, about Bowstring take, 
the head of the Big Fork of Rainy river, east of the Narrows be- 
tween the south and north parts of Bed lake, and on the east part 
of the Tiger hills. Lake Agassiz had oontomporaneoasly a length 
of more than 300 miles, from lake Traverse to near the south end 
or lake Winnipeg. Later moraines, formed at times of halt or 
re-advance, interrupting the recession of the ice-sheet between 
northern Minnesota and Hudson bay, have not been determined; 
but I believe that they exist and await discovery when the glacial 
drift of that wooded and very scantily inhabited -^gion shall be 
fully explored. 

The highest of tbe Hennaa beaches of lake Agassiz extends 
in Minnesota, as traced in that survey, to the north aide of Maple 
lake, twenty miles eastrsoutheast of Crookston, and probably it 
continues thence into the forest region on the east, where it is im- 
practicable to follow its course, to the vicinity of Red lake ; and 
on the west side of lake Agassiz it reaches through North Dakota 
and at least fourteen miles into ^lanitoba, terminating on the 
northern part of the Pembina escarpment somewhere between 
Thomhill and its northern end, that is, between fourteen and forty 
miles north of the international boundary. Before the formation 
of this beach was completed, the ice-sheet had retired from the 
lake area as far north as the beach extends. During pauses of 
this glacial recession the Dovre, Fergus Falls, Leaf Hills, and 
Itasca moraines were formed, showing a northward retreat of the 
ice-border across a distance of about 150 mites in central Minne- 
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sola and 150 to 200 miles in North Dakota and southern Mani- 
toba, with a maximum of probably not less than 300 miiee in the 
Bed Siver valley, where lake Agassiz would doubtless cause a 
more rapid melting of the ice-mai^n. Through this time the 
river Warren eroded a channel about fifty feet deep, approxi- 
mately from 1,100 to 1,050 feet above the sea, or perhaps it 
eroded only the lower half of that depth, in the moderately undu- 
lating sheet of till which reached across the present valley of 
lakes Traverse and Big Stone. The shortness of the time prob- 
ably occupied in the formation of the benches of lake Agassiz 
may well astonish ns in what it implies concerning the rapidity of 
the recession of the ice-sheet, and the brevity, geologically speak- 
ing, of the stages of pause or re-advance when its moraines were 
accumulated. 

The retreat of the ice seems to have uncovered the southwest 
border of lake Agassiz earlier than its shores farther north and 
on its east side, as is shown by the Milnor beach, a less distinct 
shore deposit than the Herman beach and 20 to 25 feet above it, 
which was obser\'ed near Milnor, North Dakota, and along a dis- 
tance of about ten miles thence northwest to the Sheyenne, but 
was not recognized farther north nor in Minnesota. The forma- 
tion of the Sheyenne delta had begun at this time of the Milnor 
beach, and continued tlirough the time of the Merman beach, with 
which latter the Buffalo, Sand Hill, Pembina, and Assiniboine 
deltas were also contemporaneous. The departure of the ice from 
the Red River valley seems to have been too rapid to permit the 
accumulation of definite shore deposits on the borders of lake 
Agassiz, excepting the scanty Milnor beach derived from fiie 
Sheyenne delta, until its outiet was cut down to the level of the 
Herman beach, which probably represents a time of much slower 
erosion of the outlet, due to diminished glacial melting and smaller 
volume of the outflowing stream. 

Compared with the level of the present time, the highest Her- 
man beach has a gradual ascent from south to north which aver- 
ages nearly a foot per mile, amounting to about 175 feet in the 
224 miles from the mouth of the lake at its southern end to the 
international boundary. The mouth of the lake was then about 
1,055 feet, and its surface on the international boundary about 
1,230 feet, above the present sea level. It is further found that 
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in the northern part of the explored area of luke Agasaiz thia 
upper or Hermao beach, which is siogle along the southern part of 
the lake, becomes divided into numerous parallel beaches that were 
formed at inter^'als of pause in a progressive elevation of that 
area. A portion of these relative changes of level, however, was 
due to a subsidence of the lake itself toward the north, on account 
of the diminution of its attraction by gravitation toward the ice- 
sheet, proportionate with the decrease of the ice In ite final melt- 
ing. As many as six other Herman stages below the highest are 
recognizable by beach deposits, which indicate a rise of the land 
combined with a sinking of the lake to the amount successively of 
about 8, 10, 7, 15, 10, and 5 feet, or in total of 56 feet, on the tine 
between North Dakota and Manitoba, while yet the relative eleva- 
tions of the lake and the adjoining laud along its southern part for 
some seventy-five miles northward from lake Traverse remained 
with only slight changes, not sufttcient for the formation of any- 
secondary beach ridge. 

In a later part of this report the discussion of the causes of 
these changes in the bight of the land and of the lake is accom- 
panied by a table of the present elevations of the successive 
beaches formed by the lake on its west side through its entire ex- 
istence, until it was drained to the levels of lakes Manitoba and 
Winnipeg. The two highest beaches (a and aa) in the Herman 
■■series of t^is table were not found north of the Pembina Mountain 
-escarpment ; but the next two {b and hb) are well developed at 
Brandon and near Neepawa, reaching thus to the northern limit of 
3ny exploration at the south end of Riding mountain. During the 
interval between these Herman beaches a and h, the combined rise 
of the land and fall of the lake were only eighteen or twentj- feet 
on the international boundary ; but in this time the southern end 
of Oie ice-lobe west of the lake had been withdrawn from the east 
part of the Tiger hills to Biding mountain, and the Assiniboine 
delta was being rapidly deposited. The northward extent of lake 
Agassiz in its subsequent Herman stages is not definitely deter- 
mined, but evidently some of the upper beaches observed by Mr. 
Tyrrell on the foot slopes east of the escarpments of Biding and 
Duck mountains belong to this series, the highest, according to in- 
formation supplied by him, being in lat 51° 52' or two hundred 
miles north of the international boundary, at an elevation of about 
1,460 feet above tlie sea. 



>y Google 



EDITOEIAL. 

IT is OUT painful duty to announce the death of our 
beloved brother and uolleaguo, Alexander Winchell, 
of Ann Arbor, Mich. , which took place at his resi- 
dence at nine o'clock on the morning of Februar)- 19, 
1891. His fatal malady, which had been insidiouBly ad- 
Tancing on him for several years, was not known nor rec- 
ognized in its true character until a short time before his 
demise. Although diagnosed aa "aortic stenosis," its 
effect, which on post-mortem examination was found to 
have pervaded nearly his whole body, impairing the nec- 
essary circniatlon of the blood to the great secretory 
oi^ans, was so general and pronoDuced, that it became a 
matter of astonishment that he had survived and labored 
so long. 

He was a man of strong natural physique, of indomit- 
able will, unremitting industry' with an insatiable love 
for work in his profession, of broad philanthropy, of pen- 
etrating reason, of fearless pursuit of the truth, at home 
in any realm of nature's handiwork which he considered 
permeated with the essence and will of its Creator; a geol- 
ogist who embraced geology in all its ramifications, am- 
bitious to serve the world by contributing to its fund of 
advanced knowledge, an enthuBinstic teacher, s^'Stematic 
and orderly to the smallest detail, in sentiment sensitive 
and delicate as a woman, in principle rigid and uncom- 
promising as law itself ; a tender-hearted son, father, 
husband and brother, generous to a fault ; a self-made 
man who, bom a poor boy, did not content himself with 
the condition of his birth, a product of American insti- 
tutions and opportunities working on one of America's 
own scions. He was bom December 31, 1S24. His 
aged mother survives him. 
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EEVIEW OF EEOEITT GEOLOGICAL 
LITEEATUKE. 



CyclotphceroTna trUobatura, — A new fottll laopod Jrom England. Dr. 
Honrr Woodward In the Qeologlcsl Magazine ( December, 1890 ) glvee a 
roost lotareatlDg and valuable description of a new Isopod rrom the Great 
Oolite of Great Houghtoo House, Northampton. The specimen was 
tound Id the white crystalline limestone and Is In a fair state of preser- 

Cyclosfh^roma, H. Wood. gen. no v. 

General outline nearly circular, almost as broad as It Is long. Cephalon 
rounded and tumid In outline ; eyes moderately large, cornea vitreous ; 
thoracic segments seven In number, broader than head'Shleld or telson, 
first segment coalesced with cephalon ; segments of abdomen coalesced 
together, but telaon apparently distinct. Appendages? (Imperfectly 
preserved.) 

C. trUobatum Is the species here described and Sgured. The breadth 
ol this species la 33 mm. and the greatest length 41 mm. Dr. Woodward 
remarks this as one of the most curious examples of Isopods ever seen. 

ZitteVs Handbtich der PdUeontoiogie. The fourth part of vo). Ill ot 
pal(Bozoo1ogy has just been received and completes vol. III. This part 
contains the Keptlila from the seventh order ( Crocodllla) and the Aves, 
thus bringing the volume up to the final Vertebrata, the Mammalia. 
The usual completeness of description prevails as has characterized the 
whole of this roagnificent work. We have reason to hope that the final 
part will contain a most comprehensive index to the several volumes 
both botanical and zoological thus making the whole work one ot In- 
estimable value, or the Index might be Issued as a separate part and 
form a volume in Itself. 

Buildtng Stone in New Forfc In the Bulletin of the N. Y. State 
Museum (vol. xil, No. 10) Mr. John C. Smock (economic geologist to 
the State Museum ) describes the geological position and the geographi- 
cal distribution of the various building stones arranged with reference 
to their geological characters being first divided Into crystalline and 
fragmental rocks. Then descriptions arc given of the principal (luarry 
districts, which are followed by " The use of stones In the cities " which 
chapter exhibits the greatamount and variety of stones used for building 
In any one city; the work then concludes with chapters on "Physical 
and Chemical Tests" and "On the Durability ot Building Stones and the 
Causes ot Decay." The report Is accompanied by a well executed map 
ot the state showing the various quarry districts and the whole forming 
a most valuable addition to the literature of economic geology. 

San^lnite, a new mlneml. In the MIneralogfcal Magazine ( vol. Ix, 
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No. 12, 1S2) H. A. MIers describes this apparently new mineral which 
was observed on specimens of argeatlte from Cbanarclllo. To the naked 
«;e this mlceral appeared to be gOlhlte, the microscope, however, re- 
vealing Its true character, which must be referred to another mineral. 
No quantitative examination was made on account of the small quantity 
of material ; a qualitative analfsls, however, showed the presence of 
silver, arsenic and sulphur. The physical characters as a whole, prevent 
the mineral from being referred to proustlte or lanthocootte, the mineral 
being nekrer like the former In Its physical characters. The specific 
{[ravlty and hardness have not been determined. 

Rfparl of exploration of the glacial lake AqowIi in MatMoba, by 
Warben Upiiah. (Part E Annual Report, vol. Iv, 1888-9, Geol. and 
SaX. Hist. Sur. of Canada.) pp. 156, Montreal, 1890. 

Id this report Mr. Upham has given a more detailed and comprehen' 
sive account of lake Agasslz than in any earlier report. The first 
accounts are found In the reports of the Minnesota survey. A bulletin 
of the United States geological survey adds much to the available 
literature of this lake, and occasional references to It elsewhere have 
made take Agasalz a familiar term to the student of pleistocene geology. 

This report comprises that portion of lake Agasslz In Manitoba which is 
Id the prairie region, but Che lake Included a large area further east and 
indefinitely Dorthward which has not yet been examined and which, 
from the nature of the country. It Is dlfflcult or nearly Impossible to 
survey at tbe present time. Much of this unsurveyed region Is wooded 
and rocky, and It is nearly without human habitation. To trace the 
beach lines would be dlfflcult and expensive. 

Considering the great amount of Information, however, which Mr. 
Upham has now given concerning the nature and the probable cause of 
this lake it Is not so regrettable that tbe eastern part cannot be re- 
ported on. 

Mr. Upham bas availed himself of every avenue of approach to a 
solution of the problems involved. Adding to a minute study of tha 
drift-sheet Itself both in Dakota and In Manitoba, a mass of definite 
data from railroad levels, he proceeds to the study of common wells and 
the moll uscan fauna which some of them have brought to light. He 
gives a "history of lake Agasslz," a description of the topography of the 
basin. Its beaches, deltas and Its occasional osars, and attributes the 
flxistence of the lake, with Its north and eastward ascending beach lines, 
to a depression of the crust of the earth In that direction united with 
the cotemporary prevalence of a great Ice-sheet which, moving from 
the northeastward formed a barrier against the water that gathered at 
Its southern margin and compelled It to seek the lowest southward way 
of escape. 

The names of the upper beaches are derived from points In Minnesota 
where they were first observed ; but It is found that each of these 
beaches becomes divided Into two or three, further north, having slightly 
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different ftltitnde above the sea. Tbere are five ot the upper beaches, 
vli : The Herman beach which becomes separable foto seveD stages, the 
JfircTott beach which has two stages, the Tiataii beruii, with two stages, 
the CnmpbOl beach, with three, and the ifcCaultrffnUlt beach, with three 
stages. These upper beaches were all formed while the lake out-flowed 
sonthwsrd at lake Traverse, by way of the valley of the Minnesota river 
to the Mississippi valley. They are traced throagh Minnesota, 
Dakota sod Manitoba. There are lower beaches, formed by lako 
Agaxslz at a lower stage, and while the water found escape northward — 
though by what channel or channels It Is not certainty known. These 
lower beaches exhibit a similar ascent toward the north Indicating some 
progres-itve chaogo In the earth's crust which continued daring the 
whole existence of the lake. 

The waters of lake Agasslz rose above the present level of lake 
Winnipeg about 600 feel during the upper Herman stage, 500 feet during 
the upper Xorcrosa stage, 440 feet at the npper I'Intah stage, 370 feet at 
the upper Campbell slagc, and 325 feet at the upper McCauleyville 
stage. During the lower stages of the lake, while the discbarge was 
northeastward, the depth of lake Agasslz above lake Winnipeg decreased 
to 3H.^ feet at the upper 11 tan chard stage, 240 feet at the Hlllsboro beach, 
310 during the formation of the Emerado l>each, and finally 65 feet at 
the time of formation of the lowest or Nlv?rvltle beach. The lake ex- 
tended northward during Its greatest development, to the divide lying 
on the south side of the English or Churchill river, that Is to tat. N, S5» 
with a long westward arm which ascended the Saskatchawan valley. On 
the Interoatlonal boundary it extended to the east end of Rainy lake and 
thence turned abruptly northward, Its northeastern limits being wholly 
unknown, but probably coterminus with the Ice-sheet that caused, 
nurtured and perpetuated it. 

The Oeologteal and Natural History Survey of Minnegola, ElghiecnOi 
anrnml report, /or 1S8S. N. H. Winciiei.i., state geologist. 234 pages ; 
11 figures In the text. (Minneapolis, Minn., 1890.) About SO pages of 
this report present notes of field observations during 18SS and 1589 by 
the state geologist. In the Iron-producing district of northern Minnesota, 
In the vicinity of Pokegama falls, in the valley of the Minnesota river, 
and In the area of the original Huronlan rocks north of lako Huron and 
Georgian bay. ' The author concludes that (he Huronlan system, as that 
term Is now defined and used In the Canadian geological reports, com- 
prises three separate formations, namely, in descending order, ( 1 ) the 
true Huronlan, as first described and mapped by Murray; (3) the 
Keewatin, discriminated and described by A. C. Lawson in the region of 
the Lake of the Woods, to which are referred the rich iron ores of 
Tower, Minn.; and (3) the Vermilion series of crystalline schists. 
These formations are stated to be distinctly separated by tlthologlc 
differences and by un conform itios that have been noted from Vermonb 
to Minne<^ta, so that they should no longer be classed together without 
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diatEnctlon, at least not under the name Huronlan, which In the area or 
1C9 orlgtnal description embraced oolr one part ot the series. 

Prof. N. H. Winchell makes a timel; recomnienilation, oo which It 
maybe hoped that (hs state legislature will take prompt and efficient 
action, for the setting apart of some considerable tract of the unoccnpled 
lands in northern Minnesota as a statp park. The region about lake- 
Itasca, which is suggested, possesses not onlf rare natural beauty and 
diversit)' with Its high moralnic hills, majestic pine w*ods, and spark- 
ling streams and lakes, but also much historic interest from the succes- 
sive expeditions to reach and explore the sources ot the Mississippi. 

The later part of this report Is by Pro(. Alexander Winchell, rfviewlng 
"American opinion on the older rocks," that Is, below the Silurian 
system, with quotations from the principal geologists of thin country 
who have given especial attention to these rocks, as Ebenexer Emmons, 
Douglass Houghton, E. and C. H. Hitchcock, Henry D. Rogers, Hall, 
Logan, Whltnej', Hunt, Irving, Lawson, and many others. This sum- 
mary Is given as the Introduction to a full discussion of the Taconic and 
Archa;an systems In the Northwest, which Dr. Winchell hopes soou tO' 
publish, based upon his own observations and studies. 

The Clmrle»Utn EnrOupuiiie of Angtut 31, ISse. By Capt. Ci.akekce 
Edwauu Duttoh, U. S. Ordnance Corps, pp. 203-538 ; plates vil-xxxl ; 
figures 1-41. (Accompanying the ninth annual report ot the director ot 
the U. S. Geolt^Ical Survey.) The llrsC chapter ot this very thorounh 
and elaborate memoir gives accounts of the earthquake as written by 
persons who experienced It In Charleston. Not a building In the city 
escaped Injury, but only few were completely demolished and ieviilled to 
the ground. Many Illustrations from photographs show the damage 
done to buildings of different kinds In Charleston, Summervlllo. and 
other places, Including the ancient churches ot St. Michael and St. 
Phlitp, Hibernian Hall, the Roper and City Hospitals, and brick and 
wooden dwellings. 

Two eplcentral tracts are recognized, the principal one about sixteen 
miles northwest ot Charleston and six miles southeast ot Summervllle, 
around which the Isoselsmal curves are nearly circular, and a subordi- 
nate one about thirteen miles west of Charleston, surrounded by elliptic 
Isoselamalswith thelrmajor axes trending toward the northern or Wood- 
stock eplcentrum. The violent upward shocks near these places had 
the effect to drive Into the ground the bases ot piers on which houses 
are built. Other remarkable effects were the formation of Assures and 
craterlets, the latt«r being large holes In the Handy and clayey ground 
ot the district, from which water poured up, sometimeH In Jets to the 
hight of several feet. Railroad tracks were displaced and bent, and at 
a bridge it was seen that the opposite banks ot the Ashley river were 
thrown slightly nearer together. 

Captain Dutton computes the depth of the principal or Woodstock 
focus of theearthquake energy to be alwut twelve miles, with a probable 



■jGoogle 



sou. The American Geologist. Maich, ib91 

«rror of leM tban two miles ; and the depth of the more southern focus, 
thongh less definitely known, Is believed to have been about eight miles. 
Both the course of the Isosolsmal curves and the absence of any apparent 
changes in the s]o|>ea and currents of the streamB In the district seem to 
show that there was no extended faulting movement, shearing the rocky 
strata along an extent of many miles. 

The tremors from the moat violent shock, which occurred at 9 b. 51 
m. 6 s., very closely. In the evening of August 31st, were propagated at 
a speed of about three and a quarter miles per second, or nearly 200 
miles per minute, to so distant points as Boston, Milwaukee, La Crosse. 
Keokuk, eastern Arkansas, and New Orleans. They were also felt In 
Cnba and In Bermuda, the distance to the latter Island being almost 
exactly 1,000 miles. The area within which the motion was sufUcient 
to be noticed, including Its oceanic portion, was approximately 2,500,000 
square miles. With Instrumental observation, such as Is obtained In 
Japan by self-Vecording seismographs, the disturbance would doubtless 
have been delected over a much larger area. Because o[ the general 
use of the standard time system, and the harmony of the observations 
giving the time of this earthquake In difterent parts of the country, the 
author regards his results for the speed of transmission of the shock as 
far more accurate than all previous determinations for otber earth- 
quakes. And It Is noteworthy that this velocity agrees with that which 
theory Indicates tor elastic waves In an Indefinitely extended solid mass 
of siliceous material, as captain Dutton thinks the earth to be to the 
depth of at least a hundred miles from Its surface. 

A vast amount of detailed Information was gathered, mainly through 
assistance by Mr. Barle Sloan of Charleston and by Messrs. W J McOee 
and Everett Hayden of the U. S. Geological Survey ; but, with most care- 
ful study, the question how the earthquake was caused completely baffled 
the long continued and painstaking efforts of the author to obtain any 
answer. It seems therefore wellnlgh certain that the premises on which 
his Investigations proceeded were somewhere unsound. May not the 
solid mass of the crust of the earth, while having a physical constitution 
competent for the transmission of the earthquake shock asobserved, be 
yet much thinner than captain Dutton supposes ? If the earth's crust 
rests, at a depth varying perhaps from twenty to thirty or forty miles 
beneath Its surface, on a heavier viscous or liquid Interior of molten rock, 
or of rock undercomblnod conditions of intense heat and pressure which 
render It freely plastic, may not strains resulting from slow cooling and 
shrinking of the Interior, and from the transportation of material on the 
surface by streams, produce faults In the solid crust at such depths and 
of so limited length as to be manifested by eplcentral tracts like those of 
the Charleston earthquake ? This view seems U) accord well with the 
phenomena and distribution of volcanoes, with the great movements of 
folding and faulting by which mountain ranges have been formed, and 
with the eplrogenlc uplifts and depressions which have affected broad 
areas, as the whole or large parts of continents. 
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The Geology of Cape Ann, MaagachiueUs. By Nathaniel Southoatb 
Shales, pp. 5SB-611; plates xxxll-lixvli ; Hgures 12-51. ( Accoiiip*nr- 
loR the ninth tonual report, U. 8. Geol. Survey.) The glacial and 
structural geology of a tract about ten miles long, eKt«ndlng Into the 
ocean on the uortboast coast of Massachusetts and Including Gloucester 
and Rockport, Is here well described, with abundaol lllustratioDB sup- 
plied from photographs. Only a single drumlin, Pigeon hf[], la found 
on Cape Ann, but this Is a large, smoothly rounded, typical example of 
Its class of till accumulations. Boulders are spread In profusion, on a 
morainic belt about two mitea wide, which trends from northeast to 
southwest at right aaglea with the average direction of the glacial strla- 
tion. They are mostly like tho granite aud other bed-rocks ot the cape, 
which are exposed In multitudes ot outcrops. There are also narrow 
bands of excessively rocky moraine, with boulders of all sizes up to ten 
and twenty feet In diameter piled promiscuously together. The systems 
of Joint planes In the granite and dlorlte bed-rocks have been carefully 
studied, and a great number of dikes of diabase and quartz porphyry are 
tabulated and mapped, mostly along the ocean shore and in the exten- 
sive quarries near RockporL 

Formation of Ttxtvertlne and SUiceoua Sinter by the VegOatUm of B(A 
Springs. By Waltbb Habvey Weed. pp. 613-676; plates Ixxvlil- 
Ixxxvil; figures SS-se. (Accompanying the ninth annual report, U. S. 
Oeol. Survey.) Some of the results of the Investigations publish^ in 
this memoir have been recently given by the author In the Geologist 
<Jan. laei, pp. 48-5S). His field of special study has been the Yellow- 
stone National Park, whose hot springs and geysers are forming, through 
the agency of algffi, extensive deposits of sillclous sinter, but at only one 
locality are they known to be depositing travertine, or calcareous tufa, 
of any considerable extent. This place is the Mammoth Hot Springs, 
whore the heated waters rising through Mesozoic limestone reach the 
surface heavily charged with carbonate of lime. The white travertine 
here mostly deposited upon white filamentary algte, has a maximum 
thickness of probably 250 feet, resembling an Immense snow-bank, and 
contrasting remarkably with the pine-clod sides of tho narrow valley in 
which it is enclosed, so that It has been compared by Archibald Oeikle 
to the terminal front of a glacier. The formation of siliceous sinter by 
plant life Is taking place In many parts ot the Park, among which the 
Upper Geyser Basin ot the PIrchole river is selected tor particular 
<iescriptlon. Forty-eight geysers. Including the Giant, Bee Hive, and 
Old Faithful, are known in this area of about two square miles. The 
maximum depth of the sinter or gcyserlte around several ot the older 
vents Is about 30 feet. Wherever the hot waters Sow, multitudinous 
tints of red and yellow, green and brown, are produced by the growth of 
atg», which thrive best at the temperature of about 140° F., but are 
ablo to endure 185°. 

The Minicture uf a portion f^f the Sierra Sevodti of Callfonila. By 
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Geo. p. Bbckbk. Bulletin of the Geological Society of America, vol. II, 
pp. 49-74, with thirteen figurea in the text ; Jan. 10, 1891. This socletr 
within the flrsl month after its recent meeting In Washington has 
published two of the communications received at that meeting, and It la 
expected that the others will follow in rapid succession. Mr. Becker In 
this important paper announces bis discovery that the upllfllngor the 
Sierra Nevada has been effected by many thousands of faults, varying 
in amount from a small fraction of an Inch to three Inches or rarely two 
or thfee feet, often well marked by slickensldes and by moasiirable dis- 
placement on nearly vertical Joint planes or lissiires. Granite and 
diorite, overlain In part by andeslte and basalt, form the area studied, 
which has a length of about BO miles and width of 30 miles, Immediately 
west of the eastern scarp of the range. The fissure systems and tho 
faulting are referred to the period of andesitic eruptions, which the 
author here regards aa Pliocene. But as he shows that the glsclatlon 
of the Sierra Nevada was very recent, and In another paper maintains 
the authenticity of the many reported occurrences of atone mortars and 
other implements and of human bones in the doep placer gravels, lava- 
capped, on the western slopes of this great mountain range, which 
belong to the date of beginning of this period of disturbance, faulting, 
and uplift. It seems more consistent to regard all these events as com- 
prised within the Quaternary era, the uplift of the Sierra being proba- 
bly contemporaneous with tbe first Glacial epoch. In all the faults 
observed It Is found that northerly walls have moved upward and west- 
ward relatively to southerly walls, and that easterly wails have moved 
upward and southward relatively to westerly walla. The theory that 
the earth Is a solid, highly viscous mass appears to the author to be In 
all respects compatible with his observations, fully explaining the Assure 
systems, the faults, and the enormous resistance to tilting which tbe 
range has displayed. 

The PhoaphiOe DepoglU of Ote UUind of Navagta. Bt Edward 
D'Invilliers. Bulletin, G. S. A., vol. II, pp. 75-84; Jan. 27, 1891. This 
Island, lying between Haytl and Jamaica, Is S}^ miles long and IX miles 
wide, rising to a hlght of 355 feet. It is of recent geologic ago, and U 
formed of coralline limestone that has undergone elevation. Phosphate 
earths and rock, which aru evidently leached guano deposits, All 
irregular cavities and Assures In the surface of the limestone to the depth 
of about twenty feet. The gray phosphate, found on the lower Aat or 
terrace, 10 to TO feet above the sea, contains 65 to 70 per cent, of lime 
phosphate; and the red 'variety, found on the fiat lop of the island, 
contains 50 to 05 per cent. The yield of the gray phosphate is 1.500 to 
3,000 tons per acre, and the area originally occupied by It was about 244 
acres, more than half of which has been exhausted during the past 
thirty years of mining ; but only about a seventh part of the upper 300 
acres of red phosphate has been worked, leaving probably 300,000 tons 
of this variety. 
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Geologioal Survey ijf llllnott, A. H. Wobthen, director; Vol. vW. 
Qeology and PoUwmtotogy ; edited by JoauA Lkdahi, Ph. D. Oeoloffy 
bu A. H. WoBTBBK ; P&leeonlologf bjr A. H. Worthen, Coables Waobb- 
UVTH, Fbamk Sprinoeb, E. O. Ulbicb and Ouvbr Evbbrtt ; wUh an 
appendix. One volume of text of pp. 1-9, 1-TS8 and 1-lSl, and & 
volume of lxxviii plates prepared by E. 0. Utrlch, Charles Scbuchert, 
andCbarlesR. Worthen. Royal 8vo, SprlngSeld; published by authority 
of the State of Illinois, July, 1890. 

This volume, which has been In course of publication tor a long time, 
completes and commemorates the scientific work aud the life of Its chief 
author, the late state geologist of Illinois. Dr. Lindahl who was ap- 
pointed successor to Prof. A. H. Worthen In June, 1888, faithfully and 
efficiently devoted his efforts to the completion lu a thorough and credit- 
able style, of the great enterprise that had been left nnflnlabed by his 
predecessor, and be has manifested bU appreciation of the work and hla 
skill and capacity in editing It. 

Id the preface Dr. Lindahl takesoccaalon to recommend the continua- 
tion of the geological survey of Illinois, noting particularly the need of 
preserving the records of deepwellsand mining shafts, of a hypsometric 
survey similar to those of New Jersey, New York and Massachusetts, 
the determination and delineation of the coal-beds, the water-bear inr 
strata, the characters of the clays and other parts of the drift, the lead 
deposits which adjoin the slate of Wisconsin, physical and chemical 
tests of the rocks, clays and coals, and Anally a work giving the sys- 
tematic paleontology of the state. The facts that should be brought to 
light by these i nvi^ St i gallons he would have embodied annually In a 
report to the Legislature, thus producing a series of volumes similar to 
that which Is maintained by Minnesota and by New Jersey, and now 
lately be^un by Ohio. There Is no doubt that It Is the better policy for 
state surveys to be originated and maintained on thai plan, with a 
calculation that it takes time, and much of It, to gather and compare 
the data that enter Into a Bnal geological report. Soma of the early 
state surveys, considered " completed " when they were closed, would be 
counted as mere reconnolssancea In oomparlson with the requirements of 
more recent geological work. Had they been continued for several 
years longer, at but slight annual expense, they might have been morft 
useful, and probably some of the doubts and disuusslons which have 
sprung from those "final reports," would never have appeared. In 
paleontology Illinois and New York have led all the States of the Union, 
but In economic geology they are as markedly behind. Therefore It la 
to be hoped that the people of Illinois will supplement the technical 
geology which has been so ably conducted by Worthen, by as si^archlng 
an Inquiry Into the economic geology of the state. In that way only can 
they reap in full the reasonable results that may be expected from the 
work of Worthen. Such economic research should be executed deliber- 
ately and thoroughly, and for that. It needs much time and a slated small 
annual appropriation. The survey then would become a bureau where 
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would be slored alt Ihe available Information touchlos every ecouomic 
Interest that can be thought to belong to the geology of the state. 

Of the scientific character and merits of the body of the work we can- 
not here ?pcalf with such assurance and thoroughness as we would like. 
The authors are mostly well-known geologists, and It la only necesaary 
to mention their names to gain the attention of all who are Interested in 
such sclentllic work. Mr. Ulrlch bears the largest burden of this author- 
ship. Besides adding a large number of new forms to the Spongla, he 
lias given a sketch of their structural peculiarities, geological distribu- 
tion and their classification. In Jolni authorship with Dr. O. Everett a 
very rich sponge-bearing stratum of the Trenton formation is worked 
out. The specimens were collected by Dr. Everett three miles north- 
west from Dixon, III., and are divided among three orders and ten genera. 
They are found in a shaly layer or a "mud stratum," between heavy 
layers of limestone, about twenty-five feet above the top of th^ St. Peter 
sandstone. 

The bryozoa, however, which occupy more than one-half of the body 
of the book, are treated in great detail and fullness. This part of the 
volume cannot fall to be considered by paleontologists, tor many years 
to come, one of the chief authorities on bryozoa. Mr. Ulrlcb has l)een 
criticised, but generally by those who but partly understood bis Views 
and classification and, of course, always by those who had not seen this 
presentation of them. For this reason the delay In this volume has been 
unfortunate for Mr. Ulrlch. Here will be found Mr. Ulrlch's claasiBca- 
tlon, and its reasons, presented tn extatno. The memoir does not abound 
In references to cotemporary literature. We notice two figures, one on 
p. 401, and one on p. M3, which have before appeared In the Osolooist, 
biit there Is no acknowledgment of that fact, nor of the earlier publica- 
tion of the new species which they Illustrate. 

Mr. Wortben, besides chapters on the drift deposits and on the 
«conomlc geology of the state, contributed a description of fossil In- 
vertebrates, and the crlnolds and blastolds are treated by Messrs. 
Wachsmuth and Springer. 

The appendix, which is illustrated by a portrait of Prof. Worthen, Is 
by N. W. Bliss and Charles A. White, and gives a sketch of Prof. 
Worthen 's life and scientific work. 

Fir»l Annual Beport of 0\e Oeolaglcal Survey of Ohio ( Third Organ 
Izatlon ), by Edwaad Ohton, State Geologist. Koyal octavo, 323 pages, 
maps In -leparate envelope, Columbus, Ohio, 1S90. 

This report Is Issued uniform tn style of binding and size of pages 
with the final volumes of the survey which preceded It. The report for 
1889 Is exclusively devoted to a description and consldcratij^n of the 
marvellous natural gas and oil wells which have been developed in Ohio 
and Indiana within the last five years. The various questions, of the 
origin of natural gas and petroleum ; the explanation of the pressure 
under which the gas rushes forth when the drill penetrates the reservoir 
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contalDing It ; the geological structure of the region and Its effect on the 
dlstrlbatioD of the gas fields; the durfttlon of the gas and the means for 
measuring and protecting Its use are all treated of In a thoroughif 
sclenttfic and comprehensive maoner. Seldom does an annnal report 
contain such an able and entertaining as well as conclusive and con- 
vincing treatment of an; subject, especlallr one so new and little studied 
as this. Dr. Orton's style is easy, and his meaning Is never obscure. 

Not the least valuable and Instructive part of the report is the review 
of the various theories hitherto proposed for the origin of pe,troleum and 
natural gas. These are divided Into two classes, Chemical and Geolog- 
ical. Dnder the head of Chemical theories are mentioned that of Ber- 
thelol < 1866 ) which accounted for all natural hydrocarbons by the action 
of chemical forces on Inorganic matter at considerable depth within the 
earth's crnst; and that of MendelJeS (1877) which "holds that petro- 
leum is never of organic origin, but Is as purely a product of chemical 
affinity, acting on Inorganic substances, as a vein-stone or an ore." 
Both of these chemical theories are found to be Inadequate to explain 
the origin of petroleum. 

Under the head of Geological Theories are mentioned those of New- 
berry, Peckham, Hunt and others, and we find that they all agree la 
deriving petroleum from organic subataoceH that were Incorporated with 
the strata when the latter were formed. Most geologists hold that 
vegetable substances have supplied the chief sources, but some count 
animal remains as also an Important source. The two methods In which 
organic matter may have furnished petroleum are ( 1 ) by (l««truceliie 
dUailaiion and ( 2 ) by ■prtmary decomposiWon. According to the latter 
view, which Is the one held by Hunt, the petroleum that the rocks 
contain was formed when the rocks themselves were formed, and this 
process of formation therefore ceased long ago In the older rocks. Al- 
though Dr. Orton does not adopt fully any of these theories, he looks 
upon the last one mentioned "with great Interest as It furnishes on the 
whole the best explanation of the facts for which we are obliged to 
account." 

A detailed history of each of the great Ohio gas wells up to date Is 
given and many popular opinions, such as the belief In the eternal 
duration of the gas supply, the existence of vast subterranean caverns 
which may open and engulf whole cities, and others equally well- 
founded are exploded. 



LIST OF RECENT PUBLICATIONS- 

3. Papere In Sdenliflc Journals. 

American Journal of Science and Arts, Oct. Wo. Description of the 

"Bernardston series" of metamorphlc upper Devonian rocks, B. K. 

Emerson; Metaclnnabarite from New Almaden, Cal., W. H. Melville; 

Keokuk beds at Keokuk, Iowa, C. H. Gordon ; Experiments on the con- 
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atltutlon or the natural alllcabea, F. W. Clarke and E. A. Schneider (Re- 
viewed In tbis Journal vol. VII, p. 56); Five new American meteorites, 
O. F. Kunz. Nov. No., Su perl m position of the drainage In central 
Texas, R. S. Tarr ; Description of the Bernardaton sertea of metamor- 
phlc upper Devonian rocks, B. K. Emerson ; Anthophylllte from Frank- 
lin, MacoD Co., N. C, S. L. Penfieid; Pre-glacial drainage, and recent 
geological history of western Pennsylvania, P. M. Foshay ; Bo-cftlled 
perofsklte (roni Magnet Cove, Ark., F. W. Mar ; Experiments upon the 
«on3tltutlop of the natural silicates, F. W. Clarke and E. A. Schneider. 
Dee. No., Long Island sound In the Qaat«rnar; era, James D. Dana; 
The doformation of Iroquois beach and the birth of lake Ontario, J. W. 
Spencer; Experiments on the constitution of the natural silicates, F, ■ 
W. Clarke and E. A. Schneider; Endialyt^ and Encollte from Magnet 
Cove, Ark., J. Francis Williams; Peculiar method of sand transporta- 
tion by rivers, James C. Graham ; Note on the Cretaceous rocks of 
northern California, J. S. DUlor; Fowlorlte variety of rhodonite from 
Franklin and Stirling, K. J., L. V. Pirsson ; Some observations on the 
beryllium minerals from Mt. Antero, Cal. 

4. ExcerpU arut individual publications. 

On certain peculiar structural features In the Foot-hill region of the 
Rocky mountains near Denver, Colo. Geo. H. Eldrldge. (Phil. Soc. 
Washington, Vol. XI. pp. 347-374.) 

Recent views about glaciers. Alexander Winchell. (Forum, Kov. 
1890.) 

Notes on Triassic plants from New Mexico. W. M. Fontaine and F. 
H. Knowlton. (Pro. U. S. Nat. Mus. Vol. XIII.) 

A study ol prehistoric anthropology ; — handbook for beginners. 
Thomas Wilson. (Rep. U. S. Kat. Mus. 1887-88.) 

Results of an inquiry as to the existence of man In North America 
during the paleolithic period of the Stone age. Thomas Wilson. (Bep. 
U. S. Nat. Mus. 1887-88.) 

5. Fordon Pvbticatbmg. 

SItzungsberlchte d. k. BOh. Qesell. d. Wissen. Hath.-Nat. Ctasse. 
1889, contains; Uober die Fundorte der Mlnerallen und nutzbaren 
Qesteine In Brltlsch Ost-Indien. O. Feistmantel ; Ueber Calomel aus Ser- 
bien und Realgar aus Bosmlen. Dr. K. Vrba ; Ueber Camerospongla 
monostoma. Bflm., V. Zahillka ; Ueber die Mlnntle und den Gnela von 
Kultenberg. Prof. J. Vyrazll; Ueber dikotyledonc Pflanzeu aus der 
Potomac Formation In Nordamerika. O. Felstmaintot ; Beltrage zur 
KrystalHsatlonstheorle, F. Wald; Ueber Monocalciumphospbat, J. Sko- 
lasa; Ueber Bertrandll-Zwillinge, Dr. K. Vrba; Ueber den Diadochit 
und Delvauxitvon Wysocan, Winor und Auwal, F. Kovar ; Ueber Pflan- 
zenpctrefakte aus den Stormbcrgschlchteu SQdafrikas ; Ueber de 
Natur und Elgenschaften dca Monocalclum phosphates. J. Stoklaaa; 
Ueber eine neuc fosslle Spongie, V. ZahAlkai Geologlsche Bemerkun- 
gen Dber das Carbon von Kladno. J. Kusta ; AbdrOcke im terlliren' 
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TboD bel Satk&n nSchat Soaz, J. Kusta ; tJeber OerOlle aus der Stein- 
kohle von Kroucova. Studnoves und Schlau, J. Rusta ; Zweltes Ver- 
zefchnias der terti&ren Pflanz«D aus dem plattlgcben Thon von Preschen 
bel Bllln, J. Kusta. 

DeitcriptloB gtologlque dea ilea de M^lelln et de Thuos (mer ^te). 
Par L, De Launay (eit. doa Archives des Missions (3e ser.) T. XVI. 

Annual progress report of the geological aarvey ( Queenalaad ) for the 
year 1S89. R. L. Jack, Towuesvillc, Aus. 

Fraokllnbaynll, ein neues Mineral ans der Wittlchenltgruppe. Bu- 
dolpb Sch&rzier (aua dem Jahr. d. k. k. geol. Belchsau ; XL. B. 3. u. 
4. Heft, Wlen. 1890). 

Die optiischeD Constanten des prism atlscben Scbwefetg bel verachled- 
«non Tempersturen. Alb. Scbrauf, In Wien. (Sep-ab. ans Zelt. t. Erys. 
Leipzig. Engelmann. IBOO.) 

Sclentl&c proceedings of the Rofal Dublin Society. Vol. VI., part 8, 
contains: Note on tbe magnetic properties of .basalt, W. F. Barrett; 
On some Epi-dlorltes of N, W. Ireland, J. S. Hyland ; On tbe mesoHle 
of Kenbane head, J. S. Uylsnd; On some spherulltic rocks from Co. 
Down, J. S. Hylaod ; On some apeclmena rrom Wady Haifa, upper 
Flgypt, J. 8. Hyland ; Notes on some aasaya for gold of rocks occurring 
iQ the neighborhood of Dublin, Jos. P. O'Reilly. 

Berichte d. nat. wiss. Ver. zu Regensburg, II. Heft, 1SS8-89, contains: 
MIneraloglBche und pctrographischo Nachrlcbten ausdem Thale dor Bl- 
beira de Iguape In Slid bras Mien, H. E. Baner; Ueberdle Umblldungen 
dea Sftugetblerskelettes und die Enlwlchlunglechte de Pferde, Dr. 
Soger ; Beitrige zur Kenntnlss der Regensburgcr Kreldeformatlon, Dr. 
Brnnhuber. 

Bui. de Soc Imp. NaL Moscou. 1889, No. 4, contains : Etudes sur 
I'hlatolre paleontologlque des ongules — IV., Ulpparton de la Russc; — V., 
Ohevaux pleistocenes de la Ruaae. 



PERSONAL AND SCIENTIFIC NEWS. 

Dr. Jaues Croll, of the Scottish Geological Survey died on 
Dec. 15tb, 1890, at the age of C9. Failing health had compelled 
him for some years to withdraw from the active pursuit of his two 
ittvorite eludies, philosophy his first, and geology his later love. 
Disabled for the bard physical labor of a millwright — his first oc- 
cupation — ^by an accident he turned bis attention to science and 
became so veil known that he was made Keeper of tlie Anderson- 
ian Museum in Glasgow. His first work, published anonymously, 
waa the ' ' Philosophy of Theism, " but the paper which established 
his reputation was the first of that remarkable series on "The 
Physical Cause of the Change of Climate during tbe Glacial 
Epoch" with which his name will always be associated. It is 
scarcely necessary here to do more than mentioQ their purport. 
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Dr. Croll, diMatisfled with terrestial caases, boldly reached out 
and sought in the varying eccentricity of the earth's orbit a suffi- 
cient cosmical canse. It is not too much to say that no specalation 
connected with this subject baa been more fruitfnl of resolt or 
more stimulating to investi^tion than this. Captivating and fas- 
cinating, however, as it was at first, all the argument of its 
able author could not establish it on a secure base and he was led 
by hie enthusiasm into the adoption and promulgstioo of tiews 
which, in oold light, now appear somewhat extreme. His theory 
is DO longer accepted, at least by most American gecdogists, being 
cootrary to all the positive evidence afforded by glacial phenomena 
on this ooDtinent, but like many others it will ever remain a splen- 
did monument to the reach and power of the intellect of Dr. 
Crolt, by whose death theoretical geology loses a str<Hig and able 
investigator 

Throiuh the iNSTRrsiESTALiTT OF Dr. Hans BErscH, Dr. 
Winchells work entitled "Shall We Teach Geology?" is being 
translated and republished in the Diighladet, Cbristiania. It will 
subsequently be used by Dr. Beuach in his classes in his "Semi- 
nary of Geolog}," in the University of Christiania. 

Discovery of Pish Remains in Lower Silirian Rocks. 
At a meeting of the Biological Society of Washington on Feb- 
ruarj- 7th, 1891, Mr. Charles D. Walcott, of the U, li!. Geol<^cai 
Sur\'ey, announced the discovery of vertebrate life in the Lower 
Silurian (Ordovician) strata. He stated that "The remains were 
found in a sandstone resting on the pre-Paleozoic rocks of 
the eastern front of the Rocky mountains, near Canon City, Col- 
orado. They consist of an immense number of separate plates of 
placc^anoid fishes and many fragments of the calcified covering 
of the notochord, of a form provisionally referred to the Elasmo- 
branchii. The accompanying invertebrate fauna has the facies of 
the Trenton fauna of Xew York and the Mississippi valley. It ex- 
tends upward into the superjacent limestone and at an horizon 
180 feet above the fish beds, seventeen out of thirty-tiiree species 
that have been distinguished are identical with species occurring 
in the Trenton limestone of Wisconsin and Xew York. 

' ' Great interest centers about this discovery from the fact that 
we now have some of the ancestors of the great group of placo- 
derm fishes which appear so suddenly at the close of the Upper 
Silurian and in the tower portion of the Devonian groups. It 
also carries the vert^ brjte fauna fai* back into the Silurian and in- 
dicates that the differentiation between the invertebrate and verte- 
brate types probably occurred in Cambrian time." 

5lr. Walcott is preparing a full description of the stratigraphio 
section, mo<lc of mrurrence and character of the invertebrate and 
vertebrate faunas for presentntion at the meeting of the Geolc^- 
cal Society of America, in August, ISlll. 
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GEOLOGY OF THE MOTHER LODE GOLD BELT." 

Br H&soLD W. Faisbakxb, B. S.. Ban Dleco. C«1. 

The term Mother Lode is used to designate a series of gold 
bearing veins, of great magnitude, forming a continuous line over 
a hundred miles long through the counties of Mariposa, Tuolumne, 
Calaveras, Amador and El Dorado, Cal. They usually occur In a 
belt of black slate, vith either slate, diorite, diabase, serpentine or, 
occasionally granite as wall rock, and are distinguished by a 
peculiar green vein-matter, known as mariposit«, and by the more 
or less ribbon-like character of the quartz. 

As far as can be learned the term "Mother Lode " was first ap- 
plied to the veins worked at Nashville, twelve mileB south of 
Placerville, El Dorado county, in the latter part of 1850 or earlier 
part of 1851. 

In the use of the term Mother Lode it is not intended to convey 
the idea of a genetic relation to other lodes or veina, though it is 
likely that, from the size, extent, and richness of this series of 
veins the early miners first used the expression partly with that 
signification, and partly perhaps, meaning the sonrce from whence 
came the great wealth of the surface placers. 

The magnitude of the operations on the Mother Lode gold belt 
since the earliest days of mining in the state and the importance 
of a thorough knowledge of the occurrence of its ores, is best illus- 
tratdd by the fact that over the whole length of the Lode, 112 
miles, there is an almost oontinuoos series of mineral locations. 
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compriaing nearly five faandred patented claims and almost as 
many unpatented ones. 

The Lode follows, in a general way, the northwest and south- 
east trend of the Sierra Nevada monntfuns. The veins invariably 
conform to the strike of the rocks but not to the dip. The dip of 
the latter varies from fifty to ninety d^rees, while that of the 
veins is from forty to eighty d^^reee. In direction it ranges 
from north 60° west to a little east of north in places. The 
elevaldon is that of the middle foothills, being as low as sevrai 
hundred feet in the river caOons. In Mariposa county it is two 
tliousand feet, and in the northern part of El Dorado county two 
thousand four hundred feet 

The surface of the re^on traversed by the lode varies greatly ; 
near the rivers it is cut up by deep, rocky c^ficms, ovra^rown with 
brush and generally quite difficult of exploratjon, while back scHue 
distoooe the countzy is rolling or hilly, more free from brash and 
more or less timbered. 

The topography and other physical aspects appear in striking 
accord with the geolc^tc structure. The foothill region is one 
which may be styled metamorphic. The more or less altered 
strata of slates, schists and sandstones being usually in excess of 
the eruptive rock. It is characterized by ranges of hills running 
parallel with the axis of the monntaina, and often having between 
them long, deep valleys, or where the rock is of comparatively 
uniform hardness the hilLi and valleys are irr^ulariy disposed. 

The ]axg«x rivers flowing from the high Sierras follow a compar- 
atively direct course to the San Joaqain valley. At times their 
channels will lie for several miles in the strike of the softer strata, 
and when a stratum of hard crystalline rock is encountered, they 
turn and take the shortest course through it Their caSons are 
deep and narrow, with scarcely any bottom land. The tributaries 
of the main streams have generally cut their courses in tlte sizike 
of the rocks when there exists any decided difference in the hard- 
ness of the strata. 

Ordinarily this middle foothill belt is well watered ; springs are 
numerous, and a hirge part is susceptible of cultivaticoi. Timber 
is quite abundant, sufficient for ordinary purposes, though material 
for good lumber is to be found mostly higher np. Willow <x nut 
pine, black pine, live oak, and white and black oak are the prin- 
cipal trees i while manzanita, chaparral, scrub oak, greasewood, 
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buckeye and poison oak are tiie most prominent of the smaller 
giowttis. 

The ascent from the plains of the San Joaqnin valley is gradual, 
each succeeding valley being a littie higher. South of Mariposa 
aonnty the slope up to the crest of the Sierras is much more rapid, 
and with bat little intervening sedimentary strata however the sed- 
imentary strata widen quite abrupUy in Mariposa oonnty, and in 
Bl Dorado county they reach a width of forty or fifty miles. 

The Mother Lode occupies about the centre of what is called by 
Whitney "tike auriferous slate belt." The nearly level Tertiary 
rocks rest on the edge of the upturned slates which are penetrated 
by many dikes and granite masses. Farther east the slate finally 
disappears and granite becomes the prevailing rock. However, it 
must be home in mind that over a part of the western slope, what 
is usually called the mctamorphic area is formed largely of truly 
eruptive rocks, which have become so much obscured in character, 
throu^ various metamorphic agencies, as to appear bedded and 
of sedinaentary origin. 

The age of none of these rocks, except the horizontal strata, 
has been positively decided ; a part of tiiese are late Cretaceous 
and a port are Tertiary. It is probable that the upturned slates 
are of Jnrassic age or early Cretaceous as affirmed by G. F. 
Becker, while the granite by which they are upturned, intruded 
and metamorphosed, can hardly be considered Archiean though it 
has often been mapped and described as such. 

As regards the strat^raphical relations of the different members 
of the series as well as the paleontological evidences more will be 
said at the close of this article. 

So scanty are &e fossil remains over a large part of the foot^ 
hills, and so violent have been the disturbances of the strata that 
the region is one of uncommon difficulty. However within the 
lost year new locations of fossils have been discovered in the lime- 
stone areas along the lode where hitherto all efforts in that 
direction have been futile. Whatever may be the character and 
value of the gold deposits in Fresno county it is certain tiiat the 
southern end of the Mother Lode lies in Mariposa county. A 
great mass of eruptive granite extends down from the high Sierras, 
cuts across all the other formations, both sedimentary rocks and 
dikes, and terminates five miles west of the town of Mariposa. 
The dikes as a usual thing do not extend up to the granite, but 
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the schiBbi and slates abut against it for a distance of twenty 
miles, and in the vicinity of the eruptive mass they are greatly 
l^roken and metamorphosed. 

The region traversed by the Mother Lode is one characterized 
by vertical or steeply inclined rocks which are either eruptive 
dikes or Bedimentary strata. Each of the four formations, granite, 
slate, serp^itine, and diabase is characterized by a different sur- 
face and soil. The two formations to which the most important 
topogn^bical features owe their existence are the long, narrow 
bands of slate and the adjoining diabase dikes. The uniform con- 
tormabUity of these great dikes to the stratification of the sedimeo- 
tary rocks, their hard and indestructible character, and their 
Juxtaposition with the soft, easily eroded slates, have given rise to 
those long, deep sad narrow caflons leading down to the main 
rivers that cross the lode. 

In Mariposa county, only, does the diabase appear in any great 
amount on the east side of the lode ; there it forms Uie Mount 
Bullion range, which rises four thousand two hundred and fifty 
feet Bear mountain, of Mariposa county, and its continuatioD 
north in the high ridge west of moccasin creek; the Bear mountain 
range of Calaveras county ; the low ridge through Amadorcouu^ ; 
and the high hills west of the north fork of the Cosmunes river in 
El Dorado county arc the prominent features of this rock west <rf 
the lode. This diabase forms a continuous dike west of the black 
slates through Mariposa county. In Tuolumne county it is broken 
for a short distance, and near the northern border of the county U 
appears three miles west of the lode. This is due to a longitud- 
inal compression, the effect of which is also seen in the slates 
which bend nearly as much in the same direction and away from 
the course of the lode which pursues nevertheless a nearly direct 
though lees r^;ular line. The serpentine also partakes of tiie 
westward deflection, but ite massive character indicates that thta 
peculiar position was assumed at the time of the outburst and was 
not induced by the subsequent folding, for in the latter case it 
would have been rendered fissile. This is interesting as it gives 
a clue to the sequence of events in the histoty of these rocks. 
Near the northern edge of Calaveras county the black slate is 
again found in the course of the lode, and it is not only bordered 
on the west by the diabase but the latter forms many parallel 
dikes in it. The quartz ledges usually appear at the contact of 
these two formations. 
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The diabase extends through Amador county in several par- 
allel dikes, the western one of which is nearly two miles wide. In 
El Dorado county it gives place for a number of miles to a beauti- 
ful syenite porphyry, which in turn is replaced north of Placerville 
by irregular diacontinuous dikes of diorite and diabase to the 
middle fork of the American river, where these dikes become very 
numerous and in conjunction with serpentine finally take the place 
of the black slates. As the Mother Lode approaches this point it 
becomes less distinct There being no conflniug bodies of rock, on 
the east the veins spread out in the schists where they are usually 
barren. At Oregon Bar the Mother Lode may be considered as 
really terminating. Here all its characters are lost and the gold 
instead of occurring in (jnartz is found in clay seams ia the de- 
composed crystalline rocks. 

Although at times the diabase seems to blend into the adloining 
uncrystalline schists and frequently shows lamination yet it can be 
considered nothing else than an eruptive rock, for in many places 
it has an amygdaloidal structure. The amygdules occur both in 
the massive portions and in the matrix of the conglomerates. The 
fragmental portions, which occur over nearly the whole extent o{ 
the outburst, have been classed as tuffs or metamorphio conglom- 
erates by former geologists, but this is incorrect if we accept 
fioscnbusch's definition of a tuff. 

Serpentine is one of the rocks almost always associated with the 
Mother Lude, sometimes forming one of the walls for many miles. 
Its influence does not tend to produce a well defined vein, the 
quartz bodies being almost always bunchy and irr^ularly placed. 
When the serpentine occurs in bodies of great thickness it is gen- 
erally masBive, but the long, narrow, dike-like forms are lamin- 
ated. From the appearance of the lamination it is evident that it 
has been produced by pressure and movement and is not due to 
original sedimentation. G. F. Becker, in his report on the quick- 
silver deposite of the Pacific slope, bas advanced the theory that 
all the serpentine of the coast range has been derived from sedi- 
mentary rocks, chiefly sandstones, through metasomatic processes, 
and that those of the gold belt have originated in the same manner. 
As far as my observation in the Mother Lode region haa gone I see 
not the slightest reason for attributing to it any such origin. 

The occurrence of the serpentine in long, narrow bodies inter- 
secting the slates and crj-stalliue rocks, and in bunches in the 
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slates vhich have been pnshed aside by them, offers an insuper- 
able barrier to this theory, as does also the almost univereal 
presence of traces of crystalline structure and the frequent occur- 
rence of amygdules. 

Dikes and bosses of granite occur at intervals along the lode 
near Jacksonville, Tuolumne county, the fissure has broken through 
a knot of granite one thousand feet across. 

Many dikes of talc schist and ottLcr less altered ones, vhicb still 
show crj-atalline structure, are to be seen along the lode, especially 
through the northern part of Mariposa county. 

In Calaveras connty, a short distance from the lode, there is a 
hill of knotty talc schist, in which are imbedded small nodular 
masses of dark, coarsely crystalline rock, composed of calcite, 
magnetite and a little pyrite. The talc is rendered knotty by 
aggregations of granular calcite crystals and shows all gradations 
between an almost massive form in which the arrangement of the 
calcite pseudomorphs as well as the structure indicate a onoe 
crj-stalline condition, and a very flssile schist in which the calcite 
cr}-BtaIs have almost disappeared and the talc fibres have only a 
slightly wavy appearance. The massive portions undoubtedly 
represent the original structure which, through some iuhereot 
difference of certain parte, was preserved, as were the nodules ob- 
served so often in the serpentine. Whatever was the oomposition 
of this rock, in the process of substitution which has gone on, 
everj'thing has been replaced by calcite, except the iron. The 
pyrites owes its origin to percolating solutions, while the small 
quartz veins which are scattered through the rock may be due to 
that also or, what is more probable, to the segregation of a part of 
the silica of the original mass. 

As an example of the complexity of the countrj' rock and of the 
magnitude which the Mother Lode sometimes assumes. Quartz 
mountain, Tuolumne county, will best serve. " The Mountain " is 
about six hundred feet wide, nearly half a mile long, and two 
fanndred and fifty feet high. It is formed wholly of quartz and 
vein matter, the latter consisting of mariposite and dolomitic mate- 
rial. In the middle and formiug the summit is a great body of 
massive quartz. On the west side another nearly as large, and on 
the east a smaller one. The vein matter between them is filled 
with a network of small quartz stringers. 

Beginning in the east and going west for a mile, the following 
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BncoesaioD of strata occar ; first, chlorite schist, then six hundred 
feet of vein matter, cwnt&ining three ledges of quartz besides 
several feldspathic dikes, west of this diabase, serpentine, diabase, 
decomposed rock probably once crystalline, slate, serpentine, slate, 
serpentine, and diorite. 

The greatest exposure of qnartz is on the Mariposa grant in 
Bear valley. It is twenty feet thick and one hundred and fifty 
feet long at the base, i-ising eighty feet with a dip of seventy 
degrees. It presente a smooth, regular wall on its eastern face, 
bnt is somewhat cut up by longitudinal seams. 

Id Mariposa connty the lode is characterized by two veins; first, 
the one extending north from Princeton, through Bear valley, 
along the Merced river, and constituting tiie veet vein at Coulter- 
ville. A break occurs in this vein between the Anderson mine 
and the Merced river. The other vein, beginning near the head 
of David's gulch, north of the Merced river, outcrops almost con- 
tinuously through Coultervilte to Moccasin creek. The fissure 
continues into Tuolumne county, though containing but littie 
quartz for a number of miles. It is widest at Quartz mountain, 
and here, as well as north and south for several miles, there are 
two veins, often lying side by side. In Calaveras coimty it is 
most prominent at Carson hill. Angel's camp, and in the vicinity 
4>f Mokelumne river. Through the centre of the county it is con- 
uderably scattered. Through Amador county it is nowhere 
confined to a single vein, but consists of a series of them, occupy- 
ing a width, at times, of nearly a mile. The same condition of 
things exists in El Dorado county. The veins are scattered 
through the strip of black slates, though the main vein usually 
occupies the eastern edge. 

Opportunity was not given for extended investigation into the 
mineralc^cal features of the lode for the reason that such a large 
Dumber of the mines are not open. Professor SiUiman, in an 
article in the Proceedings California Academy Science, III, 380, 
1867, has described several of the rarer metals, among them being 
tellurides of gold and silver, which are particularly abundant at 
Carson hill. He also gave the name mariposite, provisionally, to 
the green, scaly mineral which is so charactaristjc of the lode 
This mineral is an anhydrous silicate, containing the bases — iron, 
alnmiua, chromium, lime, magnesia, potash, silicic and carbonic 
acids, and traces of manganese, and sulphuric acid. 
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A white crystalline mineral resembling dolomite la associated 
with the maripoaite. It consists of the carbonates <rf calcium, 
nu^esiom, and iron in varying proportions. The iron is gener- 
ally present in large amounts, forming that variety of dolomite 
called ankerite, and giving rise to the red oxide so abundaot in the 
swface decay. The iron at times may nearly or quite disappear, 
farming dolomite, or the calcite may be so nearly lacMng that tt 
becomes magneeite. These minerals form the great mass of the 
veiQ matter at points where the lode is so enormously expanded, 
as at the Josephine mine, the vicinity of Coulterville, PiQon 
Blanco, Quartz mountain. Whisky hill, Kaw Hide mine, Carson 
hill, and Chili creek. 

The most interesting fact connected with these minerals as they 
occur in the vein, is their relation to the character of the inclosing 
walls. It is very rare that any vein matter is associated with the 
quartz when the walls of the fissure are slate, diorite or diabase, 
but it is almost always present when one wall is serpentine, or 
when serpentjne lies only a short distance away ; hence, it is 
natural to believe that there is some relation between the walls and 
the vein matter. A basic rock, such as tiiat must have been from 
which the serpentine was derived, undergoing decomposition, 
would afford opportunity for the liquids circulating through the 
fissure to abstract such bases as are found in mariposite and the 
dolomite or ankerite, and under the proper conditions to deposit 
them. This was my belief during a portion of the field work, but 
upon further study, in the laboratory, doubts began to arise as to 
the possibility of these minerals having been formed in tiiat man- 
ner, — whether such immense fissures as those demanded by the 
amount of vein matter could have existed. If it be ui^ed that the 
space between the walls need not have been so large at any one 
time, and during a gradual opening the filling kept pace, then, 
where are the signs shown in the structure of the deposit? The 
vein matter is absolutely massive ; there is no trace of a banded 
or bedded structure, and it would seem necessary that such a 
structure should exist, to a greater or less degree, in deposits on 
the walls of a fissure, either bj' reason of the successive additions, 
in which it would hardly be possible that the currents would be 
uniform, or the conditions the same through protracted intervals ; 
or by successive openings and closings of the fissure, in which case 
more or less of the wall material would adhere to the matter de 
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posited, and thus caase a banded appearance. This is exemplified 
in vein quartz, which sbofra a slight banded stmcture eren when 
massive, and In the division of most of the great quartz deposits 
into layers more or lees thick, with talcose material between them. 
To account for the phenomena, I wish to advance an entirely dif- 
ferent theory, i^ainst which I do not see that any valid objection 
can be raised. It is this : That those portions of the lode so 
enonnoasly expanded are simply coarse, basic dikes, of no great 
regnlarity or continuity, which, l}'ing in the course of the fissure, 
have been acted upon in a peculiar way by the penetrating liquids 
and gases. These, through metasomatic processes, have removed 
part of the original constJtuentM and substituted others. A strong 
confirmation of this theory is found iu a lai^ body of unquestion- 
ably eruptive rock, near Jamestown, Tuolumne county, and about 
half a mile from the Mother Lode. It has very much the same 
appearance as the vein matter of the lode, except that there is nO' 
mariposite. If is seamed with small veins of quartz and iu surface 
decay produces the same red oxide of iron. The only real differ- 
ence is ttiat the process of substitution is not so complete as in the 
Mother Lode. Dikes that have undergone a partial change often 
occur penetrating the Mother Lode vein matter, and at tames 
they are slightly impregnated with mariposite. 

An additional reason lor adopting this theory is found in the 
sudden and great expansion and contraction of the lode, as on 
Moccasin creek, where it widens from only a gouge seam to fifty 
feet in the course of a few rods. In a small vein, where the ex- 
pansion and contraction are only a few yards apart, the variation 
in width can easily be accounted for by a movement of the walls 
sufilcient to bring two prominences or two hollows t<^ether. How- 
ever, this cannot be possible in the case of the Mother Lode where 
they are sometimes separated by only a gouge for a mile or more 
and then for a distance of half a mile spread to a width of several 
hundred feet. 

Although it is rare to find any mariposite or ankerite where ser- 
pentine does not form one wall, yet there is an exception in the 
case of a long barren vein, which extends north from Oregon bar 
ten miles into Placer county. It has a width of forty feet, and 
contains tiiese two minerals iu large amount. 

The veins of the lode dip, almost invariably a few degrees lesa 
tiian the inclosing rocks, and it is usual to find the foot wall rocks. 
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CBpecially when slate, bent away from the normal dip, correspond- 
ing with that of the vein -, hence, it is probable that the hanging 
wall has been pushed up. If this is the case it would indicate an 
upward strain along the mountain range which tended to relieve 
itself in the fissure of the lode. 

That the lode is a true fissure vein ia amply proved by the 
universal presence of gouge seams. The movement of the walls of 
some of the fissures has been immense. This is made easy on ac- 
count of their length. The great width of ground-up wall rock 
and quartz, sometimes forty feet, indicates a long continuance of 
the movement, probably more or less oscillatory, and with a 
general rise of the hanging wall. The greatest depth to which the 
lode haa been opened (twenty-two hundred feet) shows no weaken- 
ing of the vein or deterioration of the ore. It is not likely that 
any great degree of heat would be encountered at any depth that 
could be reached, for thus far no increase in temperature has 
been noticed. 

In studying the occurrence of gold and its ores in the Mother 
Jiode, DO relation hae yet been found to exist between the char- 
acter of the walls and the poverty or richness of the quartz. It 
Ib rec<^nized that a vein lying at the contact of two dissimilar for- 
matioDB is more regular, and that the mineral contents are more 
easily distributed tban in one lying in a formation which does not 
easily afford a regularly defined fissure. 

I do not believe that in the case of the Mother Lode, the min- 
eral character of the walls has influenced the deposit ; liiat is, in 
the sense of the mineral contents having been derived directly 
from them. The mines of the lode are equally rich whether in 
slate or at the contact of slate with diabase, diorite, or serpentine ; 
and poor mines may be found with any of these conditions. 

I do not think that any oombination of wall rook will insure a 
rich vein, but that the deposit of the metallic particles is depend- 
ent more upon certain chemical reactions taking place in the solu- 
tions or vapors circulating in the fissure. This is proved by the 
f!act that of two veins lying side by side in the same mine, one may 
be barren while the other constitutes the pay rock. What appears 
as walla on the surface or at any depth which can be reached is no 
indication whatever of the character of those deep-seated portions 
from which the circulating flnids abstracted their mineral contents. 

The real conditions are certainly complex, differing greatly in 
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different locatioDS ; the same character of ore Is rich in one apot 
and poor in another, without any apparent reason for it 

Any <Hte mining district is apt to be characterized by certain 
pecnliaritjes, and a study at tiiese is the best guide to go by in 
that district but they may be misleading in another. 

Very little that is new can be said concerning the age of the 
metamorphic rocks inclosing the lode. The range of opinion has 
heea very great. T. S. Hunt would carry them back as far as the 
Huronian, while G. F. Becker believes them to be of the same age 
«8 the Knoxville group of the coast range, that is Neocomian or 
lower CTetaceouH. The rocks have been generally classed as Ju- 
rassic on account of the presence of one or more species of the 
genus Aucella. This genus has a narrow range, not being kaown 
earlier than the Jurassic. It has been found in abundance in 
strata of the coast range, proven to be Neocomian, hence, doubt is 
thrown on the generally accepted belief. Some other fossils have 
been found in the slates but none so characteristic as the Aucella. 

Triassic as well as Carboniferous fossils have been found ia the 
nortbem Sierras, but no one has yet been able to correlate these 
formations, either limestone or slate, with similar formations in 
the middle Sierras. The evidence of fossils recently found in 
limestone in Tuolumne and Calaveras counties is supposed to favor 
the Carboniferous rather than the Jurassic. The fossils are few 
and quite fragmental, and it aeema to me that the evidence is not 
yet sufficient to claeaify the limestones of the middle Sierras as Car- 
boniferous. As far as all observations have yet been carried there 
has been found no unconformity in the sedimentary rocks of this 
region ) they appear to have been tilted up en masse. 

Whitney aaya tiiat a carefully conatructed section along the line 
of the Central Pacific Railroad fumiahed no proofs of folda. Since 
limestone occurs on botii sides of the MoQier Lode how can it be 
possible that it should be Carboniferous while the black slates of 
the lode are Juraaaic or Neocomian 7 If we suppose a downward 
fold the elates might occupy the center and the strata on either 
hand be similar, the older, farther away. 

The dip of the rocks ia nearly always at a high angle toward the 
mountain range. Prom every appearance I believe this represents 
not simply a tilting up but an overthrow. This being the case, 
the younger strata should be found in the lower foothills, the 
older, higher up. 
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The relative ages of the strata, inclosing the Mother Lode, can 
be aaoertained with some accuracy. Of the five most common 
rock species : slate, diabase, aerpentiae, granite and syenite, the- 
slate is tiie oldest, and all the others have been intmded through 
it after its elevation. It has been pushed aside and more or lesa 
broken by each of the others, and frequently portiona are inclosed 
Id the crystalline masses. 

Of the two, serpentine and diabase, the former though repre- 
senting the extreme stage of decomposition, ia the younger. The 
proof of this may be found in the intrusion of a long, narrow dike 
of serpentine through the diabase of mount Bullion. The age of 
all the diabase dikes is proximately the same, judging from their 
lithoI<^cal similiarity, position, and the amount of dynamical 
metamorphism undei^ne. 

It is difficult to account for the great amount of conglomerat& 
vhioh almost always forms a part of the diabase. It has been 
shown conclusively that it is not of sedimentary origin, by the- 
presence of amygdules In the matrix as well as in tbe pebbles. It 
has not the character of a friction -breccia for it does not always 
appear iiear the edge of the dike, and the greater portion of it con- 
sists of rounded pebbles, the fragments of petrosilex atone being 
angular. Neither is it possible that the fragmental character is 
the result of a surface outburst, for the portions exposed at present 
were perhaps thonsands of feet below the surface at the time ot 
the intrusion. It must then have resulted from the breaking ap, 
at a great distance below the surface of a body of previously ex- 
isting diabase, the fragments of which were moved about in the 
molten mass till rounded. The presence of diabase pebbles in tho 
sedimentary rocks can only be accounted for by the supposition of 
the existence of a body of diabase previous to the present one. 

The age of the granite is certainly less than that of the slatea 
and probably less tban that of the serpentine ; not only are th& 
contact phenomena well illustrated in the outburst of the granite- 
through the slates but the serpentine is bent out of its normal 
position so that it forms nearly a semicircle. 

The loige areas of gneiss lying east of the lode are undoubtedly 
of metamorphic origin. In them the bedding planes represent 
those of the original sediments. The gradual change of these- 
gneisses into an uncrystalline schist, and their correspondence in 
dip and strike to the schists are also strong evidences of such an 
origin. 



Digit,; 



,y Google 



Qe(Aogy of ths Moih&r Lode g<MJ>dt. — FaithatJti. 221 

It may be seen from the forgoing statemente that the crj'Btal- 
line rocks most be yonnger than the slates, and henoe it is de- 
■cidedly erroneoDa to classify them as Archiean. The granite 
■cannot be considered metamorphic, for whatever was its original 
condition its present one is that of a truly eruptive rock. 

The formation of the Mother Lode is the final event in the 
jhistory of these rocks. No dikes intersect it and the flssore haa 
broken through all the formations that lie in its path. 

The alterations which the rocks have undergone are remarkable. 
The pressure created during the mouattun making movements has 
been the chief factor in producing this result The rocks are 
nearly all laminated, the exceptions being the granite and portions 
of the serpentine and diabase. 

The coincidence of the original bedding of the clastic rocks, 
with the schistose structure produced by pressure is a source of 
great diflSculty in distinguishing their origin. This is quite re- 
markable in the case of the black slates in which it is shown, by 
the position of the fosails, that the cleavage has not been superin- 
-duced by pressure but is that of the original sedimentation. It is 
likely that a far greater portion than is uenaliy supposed of the so- 
called metamorphic rocks are really eruptive. 

No detfuled microscopic examination of the Mother Lode rocks 
has yet been made, however some general facts have been eluci- 
dated. The feldspar of the granite and some of the dikes is com- 
paratively fresh, but with these exceptions the decomposition is so 
great tliat it is impossible to determine the species of plagioclase 
feldspar or distinguish it from orthoclase. Distinctiy ortboclase 
feldspar appears only in small amounts even in the granite. While 
the rocks as a whole are equally remarkable for the almost entire 
absence of quartz. In but few instances was there noticed any 
tendency toward the separation of distinct feldspar crystals in the 
diorites or diabases. In the diabase the augite ia almost always 
present in idiomorphic crystals. They exhibit a beautiful zonal 
structure and in their decompoaition are bordered by fibrous green 
hornblende. The greenish matrix is decomposed and indefinite 
in character. The hornblende of the diorites does not usually 
appear in well-formed ctystala. 

The serpentine always shows its derivation from a former crys- 
talline rock. It is not certain what the character of that rock was, 
4lkough from traces of a bronzy lustre in tiie former pyroxene 
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crystals tt is Inferred that the rock was related to the norites. Id 
one case strongly marked traasitions from the ordinary diabase to 
serpentine was obBen-ed. OliTioe has been detected only in very 
small amount 



HISTORY OP LAKE AGASSIZ. 

Bf WABacx Upham, StHnervllle, Mass. 
Vica FvtE. or the umnal raport of tbe Q«ol. and KM. Hbt. Snr., Csnsda. 1S8849. 
II. 
The forgoing observations show tliat tbe ice^heet was melted 
away from at least half of the area of lake Agassiz during iiA 
Hennan stages. During the ensuing N<Ht;ro8s, Tintah, Campbell, 
and McCanleyrille stages, through which the lake oontonaed to 
outflow southward by the rirer Warren, the recession of the ice 
doubtless permitted it to extend north and east beyond lake Win- 
nip^ and along the lower valley of the Saskatchewan. Each of 
tiiese stages is represented by two or three beaches in northern 
Minnesota aod North Dakota and in soathem Manitoba, wtiich, 
with the seven beaches of the Herman series, make seventeen 
shore lines recognizable in that part of the lacustarine area beloi^> 
ing to the time of its southern outlet Between the Herman and 
Norcrose beaches the channel of the river Warren was eroded 
about 25 feet ; it was deepened 1 5 to 30 feet more at the time of 
tile Tintah beaches ; 10 to 20 feet farther down to the Campbell 
beaches; andcagain 10 to 20 feet to the MoCauleyville 4)eacbe8. 
In alt, the mouth and soathem end of the lake were lowered aboot 
100 feet between the highest Herman beach and the lowest Mo- 
Caulej'ville beach. Proceeding northward, the vertical distance 
between these beaches gradually increases to 240 feet on the inter- 
national boundary, the difference of 140 feet more than the de- 
pression caused by erosion of the outlet being attributable to the 
northward rise of the land and subsidence of the wate^leveL 

Before lake Agassiz could obtain an outlet to the northeast, the 
thick ice-sheet that had filled the basin of Hudson bay was so far 
melted as to admit t^e sea, which at first covered the land west of 
James bay 350 to 500 feet above the present aea level Eleven 
stages ot lake Agassiz are marked by beaches that lie below the 
beds of lakes Traverse and Big Stone, which were the channel of 
the river Warren when the lake ceased to outfiow to the south. 
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These beaches are separated by vertical intervals that vary from 
10 to 4B feet tiiroagh the range of elevation between the lowest 
McCaulejTille beach and lake Winnipeg, which was originally 
twenty feet higher than now. As soon afl the ice upon Hudson 
and James bays and the adjoining country had so receded as to 
give to lake Agassiz an outlet lower than the river Warren, It 
began to be drwned in that direction, perhaps flowing at first across 
the water-shed between the Poplar and Severn, and later along 
lower conrses, including the canoe route by the Hill and Hayes 
rivers. Each of its saocessive outlets was probably eroded to a 
considerable depth, being occupied by the outflowing rivers daring 
the time of formation of two or more beaches, until the retreat of 
ttie eontheastem border of the portion of the ice«h«et remaining 
west of Hadsmi bay finally permitted drainage to take the course 
of the NelscNi, the ice-dammed lake Agassiz being thus changed 
to lake Winnip^. The northeastern ontfiow commenced when 
the lake at the iaiitade of the south end of lake Winnipeg stood 
abont 1,000 feet above the present sea level, and it was gradually 
lowered to 730 feet whra the Nelson between its Buccessive lakes 
b^;an to «ode the shallow channel of the upper part of its course. 
Fossils have been found in the deposits of lake Agassiz at two 
localities. They are all fresh-water shells of species now living in 
this district, occurring in beach ridges where ezcavatitms have 
been made to obtain sand for masons' twe. The Campbell beach, 
abont six miles southwest of Campbell, Minnesota, at an elevadcm 
approximately 98& feet above the sea, has thus yielded shells of 
I7nw> elliptit Lea, a common species of the npper Mississippi re* 
gion. In the Gladstone beach, a half mile northeast of Gladstone, 
Manitoba, about 87& feet above the sea and 165 feet above lake 
Winnip^, four species occur in considerable abundance from two 
to four feet below the surface, namely, Unto luteoltu Lamarck, 
SphteriuM ttnattntun Lam., Sphariwm tvicatum Lam., and Gy- 
raviti* parmu Say. These species from both localities were 
kindly determined by Frol K Ellsworth Call, who states tiiat 
Uhio luteolv* is cme of the most widely distributed representatives 
of the genus, its range being from Lake Winnip^ to Texas, east 
to New York, and west to Montana It is generally abundant id 
Minnesota. Both these species of Sphterinm are reported by Dr. 
Dawson &om the Lake of the Woods and Pembina river ; and the 
first is the most common species of ite genus in Minnesota, while 
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its range northward extends at least to Great Playgreen lake and 
York Factory, where it has been collected by Dr. BelL The 
Campbell beadi was formed in the later part of the time of the 
lake's southward outflow ; and the Gladstone beach belongs to the 
middle portion of the time of its outflow toward the northeast, its 
south end being then about 85 miles south of the international 
boundary. 

Evidences of man's presence in this r^on during the departure 
of the ic&sheet have been discovered by Miss Franc E. Babbitt at 
Little Falls in central Minnesota. A stratum containing many arti- 
ficially chipped fragments of quartz is euclosed \hiea% in the modified 
drift of the upp^ Mississippi valley, which was deposited by the 
floods supplied from Qie melting ioe-sheet in its retreat while it was 
being withdrawn from northern Minnesota and the Bed River val- 
ley. * It seems probable therefore that men lived on the shores vA 
lake Agasaiz and witnesaed the erosion of the channel of Hie 
river Warren, the gradual lowering of the lake level and reduction 
of its area, and ita later northeastward outdow to Hudson bay. 
But this is not left wholly to conjecture, for Mr. Tyrrell informs 
me that in northwestern Manitoba, at an elevation of 1,135 feet 
above the sea, he found sharp-edged fragments of quartzite, 
chipped by human workmanship, interbedded witii the rounded 
gravel of one of the Campbell beaches, f 

If the question be asked how many thousand years ago did the 
recession of the ice-sheet take place, causing lake Agaasiz to fill 
the Bed Biver valley and the basin of lake Winnipeg, a reply is 
furnished by the computations of Prof. N. H. Winchell, t that ap- 
proximately 8,000 years have elapsed during the erosion of the 
postglacial goi^ of the Mississippi from Fort Snelling to the falls 

" Proceedings of Am. Absoc, for Adv. of Sdence, vol. xixll, 1883, pp- 
385-300; American Naturalist, vol. xvlil, pp. 9Bl-eo&, and 697-708, June 
And July, 1SB4 ; and Proc, Itostoo Soc. a! Natural History, vol. xxili, 
1888, pp. 421-44e. 

-f Prellmlnarv notes ol thU discovery and of the norMiwestward con- 
tinuation ol the beaches oF Lake Agassiz In the district of RIdlug and 
Duck Mountains, are Included by Mr. Tyrrell In a paper, "On the Su- 
perficial Geology of the Central Plateau ot Northwestern Canada, read 
before the Qeologlcal Society of London, Nov. 7, 1889, of which an ab- 
stract Is given in the Geological Magazine, III vol. vl, pp. 37-38, 
Jan., 1880. 

} Geology of Minnesota, Fifth annual report, for 1876 ; and Final re- 
port, vol. 11, pp. S13-341. Quart. Jour. Oeol. Soc, vol. xxxlv, 1878, pp. 
«8S-»01. 
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of Saint Anthony ; of Dr. Andrews,* that the erosion of t^eshcvea 
of lake Michigan, and the resulting accamulation of dune sand 
drifted to the aonthem end of that lake, cannot have occupied 
more than 7,500 years; of professor Wright,t that streams trib- 
ntary to lake Erie have taken a similar length of tjme to cut tJieir 
valleys and the gorges below their water-falls; cA Mr. Gilbert^ t ' 
that the goi^ below Niagara falls has required only 7,000 yean 
or less ; and of Prof. B. K. Emerson, || on the rate of deposition 
of modified drift in the Conoecticut valley at Northampton, Has- 
eachusetts, from which he believes titkat not more than 10,000 
years have elapsed since the glacial period. An equally small es- 
timate is also indicated by the studies of Oilbert} and Russell** 
for the time since the last great rise of lakes Bonneville and La- 
hontan. These measures of time, Hurprisingly short whether we 
compare them on the one haod with the period of authentic human 
history or on the other with the long record of geol<^y, carry na 
back to the date when the ice-sheet of the last glacial epoch was 
melting away from the basins of the upper MissisBippi, of the 
Red river of the North, and of the Laurentian lakes. 

The entire departure of this ice-eheet therefore probably occu- 
pied at the most not more than two or three thousand years ; and 
half of this time may measure the duration of lake Agassiz, with 
the formatioa of its beaches marking more than twenty-five suc- 
cessive stages in the concurrent subsidence of its surface and rise 
of the earth's crust, which amounted together to 700 feet on Uie 
latitude of the north port of Du<3k mountain and the middle of 
lake Winnipeg. But even these short estimates may be too long. 
The shores of lake Michigan, similar with those of lake Agassiz 
in the drift of which they are formed, in their north and south 
trends, and in the adjoining depths of water, have suffered an 

* Transactions of the Chicago Academy of Sciences, vol. II. Jamei 
C. Southall's Epoch of the Mammoth and the Apparition of Man upon 
the Earth, 1BT8, chapters xxU and xxUI. 

t Am. Jour. Scl., HI, vol. xxl, pp; 130-133, Feb., 1881 ; The Ice Age In 
North America, 1889, chapter xi. 

X Proceedings, Am. Assoc, for Adv. of Science, vol. zzxv, for 1889, 
p. aS3. "The History of the Niagara Eiver," Sixth An. Eep. of Com- 
missioners of the State Reservation at Niagara, for 1B89, pp. GI-Sl. 

I Am. Jour. Scl., Ill, vol. xxlv, pp. 404-5, Nov., 1887. 

J U. S. Geological Survey, Second annual report, p. 188. 

** U. S. Geological Survey, Monograph XI, Geological History of Lake 
Lahontan, p. 373. 
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amount of eroeion by the lake waves daring postglacial time which 
Tery fai exceeds the total erosion that was effected upon the shores 
of lake Agaasiz daring all its stages, the proportion between them 
being surely not less than ten to one ; and lake Michigan has a 
similarly greater amount of beach deposits, which upon a ta^e 
area about its south end are rEuaed by the wind in conspicuous 
dunes. This contrast indeed suggests that the duration of lake 
Agassiz, and the recession of the ice-sheet from lake Traverse to 
the lower part of the Nelson river, may have been included within 
less than one thousand years. 

Before lake Agassiz began to exist, the receding Minnesota and 
Dakota ice-lobes had each given place to a lai^ lake on the central 
part of the area from which they withdrew. By the barrier of the 
Minnesota ice-lobe a lake having an elevation of about 1,150 feet 
above the sea was formed in southern Minnesota in the basin of 
the Blue Earth and Minnesota rivers, outflowing southward by way 
of Union Slough to the Bast Fork of the Des Moines. In its 
maximum extent this lake probably had a length of 160 miles, 
from Waseca to Big Stone lake, with a width of forty miles in 
Blue Eart^ and Faribault counties, attaining an area of more than 
3,000 square miles. The continued glacial recession afterward 
opened lower outlets eastward to the Cannon river, and at tile 
time of the Waconia moraine had uncovered the lower part of the 
Minnesota valley, permitting the lake to be wholly drained north- 
eastward to the Mississippi,* The modifled drift from the retreat- 
ing ice on the upper Minnesota basin was deposited along the 
lower half of this valley, filling it with stratified gravel, sand and 
clay, to a depth 75 to 150 feet above the present river from New 
tJlm to its mouth, which shows that at least this portion of the 
valley was excavated in the sheet of till during the interglacial 
epoch, and remained with nearly its present form through the 
later glaciation. It seems also probable that the upper part of 
the channel above New Ulm, occupied by the river Warren at the 
time of the Herman beaches, remained from such interglacial ero- 
sion, BO that the first outflow from lake Agassiz was at a level 
some twenty-five feet below the general surface adjoining lakes 
Traverse and Big Stone and Brown's valley, being thus approxi- 
mately marked by the Milnor beach.t As long as streams poured 
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into thia valley directly from the melting ice-sheet, its modified 
drift, gaUiered from the ice in which it had been held, continued 
to increase in depth ; but when the ice had retreated beyond the 
limits of the Minnesota basin, the water discharged here from 
lake Agassiz brought no modified drift, and was consequeatly a 
most powerful eroding agent By this river Warren the valley 
drift, so recently deposited, was mostly swept away, and the chan- 
nel was excavated to a depth lower than the present river. But 
since lake Agassiz b^an to outflow northeastward, the Minnesota 
valley and that of the Mississippi below, carrying only a small 
fraction of their former volume of water, have Ijeoome consider- 
ably filled by the alluvial gravel, sand, clay and silt, which have 
been brought in by tributaries, being spread for the moat part 
somewhat evenly along these valleys by their floods, t 

Prof. J. E. Todd supplies me the approximate outline of a lake 
named by him lake Dakota, which occupied the valley of the 
James or Dakota river contemporaneously with the foregoing, 
reaching from Mitchell 170 miles north to Oakes and varying from 
10 to 30 miles in width. I It outflowed southward by the present 
course of the James to the Missouri. The Dakota ice-lobe, which 
had filled this valley and in its recession foixaed the northern shore 
of lake Dakota, was not therefore the cause of this lake in the 
same way that the lake in the Blue Earth and Minnesota basin and 
lake Agassiz owed their existence to the barrier of the ice-sheet 
in its retreat The bed of lake Dakota has a nearly uniform ele- 
vation of 1,300 feet, or is within ten feet below or above this, 
throughout its length ; and during the glacial recession it was cov- 
ered by a lake whose shores have now a height of about 1,300 to 
1,350 feet, probably ascending slightly from south to north, as 
compared with the present sea level. Professor Todd states that 
the surface of this lacustrine area in its southern part, from 
Mitchell to Redfield, is nearly flat till, but thence northward is 
eand and loess-like silt, while considerable tracts of the eastern 
border of its north part consist of low dunes. 

the chains of lakes in Martin county, Minnesota, which are apparent!; 
doe to Interglaclal water-courses that were not wholly filled with drift 
Id the last glacial epoch. 

t " The Minnesota Valley In the Ico Age," Proc. Am. Assoc, for Adv. 
of Science, vol- xxxii, 18B3, pp. S13-231 ; also In Am. Jour. Scl.. Ill, vol. 
xxvil, Jan. and Feb., 1884. 

% This lake Is partially mapped by Prof. Todd In Proc. Am. Assoc, for 
Adv. of Science, vol. ixilil, 1884, p. 393, 
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The outflowing James river waa cutting down ite chaDDel duriog 
the retreat of the ice-lobe, and its erosion was bo rapid as to pre- 
vent the northern part of lake Dakota from retaining sufDcient 
depth to outflow eastward into the south end of lake Agaasiz 
when the way was opened by the further departure of the ice, re- 
ceding from the Head of the Coteau dea Prairies and beginning to 
uncover the Red River valley, A large tract of the sand and silt 
beds of lake Dakota, and of a contiguous glacial lake formed in 
Sargent county, North Dakota, at the time of the Dovre moraine, 
now sends it^ drainage to the Red river by the head stream of the 
Wild Rice, which passes north of the Head of the Coteau and en- 
ters the area of lake Agassiz near Wyndmere. The lowest portion 
of tiie water-shed on this lacustrine deposit, over which the James 
river would flow east to Uie Wild Rice river is scarcely ten feet 
above the general level of the James valley or twenty-five feet 
above the present level of the James river, being at Amherst on 
the Aberdeen branch of the Saint Panl, Minneapolis and Mani- 
toba Railwaj-, 1,312 feet above the sea. The elevation of the 
tipper portion of the lake beds in the vicinity of Oakes, and the 
lack of evidence that the lake waves have acted at any greater 
height upon the adjoining surfaces of undulating till and mort^nic 
bills, lead to the conclusion that the highest shore line of the 
north end of lake Dakota is not more than 1,345 feet above the 
sea, showing that there was only a shallow expanse of water above 
the plain of lacustrine silt On the north the depth of the chan- 
nel of the inflowing James river, eroded apparently before the 
glacial retreat could permit an eastward outlet into lake Agassiz, 
indicates that tlie surfaces of land and water in the James valley 
had gained nearly their present relations, lake Dakota being al- 
ready drained away, when the Wild Rice river and the south end 
of the Red River valley were uncovered by the recession of the 
ice-sheet. It is evident, therefore, that the long area of lake 
Dakota has experienced only slight differential changes of level, 
at least in the direction from south to north, since the departure of 
the ice. The James River valley is thus strongly contrasted wiUi 
the northward uplifting that has afllected the Red River vaUey as 
shown by the beaches of lake Agassiz, the highest of which riaea 
from south to north about six inches per mile for 30 or 40 miles 
at its SDutJi end, but a foot or more per mile within 40 miles far- 
ther north, and indeed has an average northward ascent of about 
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one foot per mile throagh an extent of 400 miles along the west 
side of this lake in North Dakota and Manitoba. 

Ab lake Agassiz gradually extended to the north, following the 
receding ice-barrier, it received successively by three outlets the 
drainitge of the glacial lakes of the Saskatchewan and Sonris 
hasins. These streams took the course of the Sheyenne, Pembina, 
and Assiniboine rivers, each bringing an extensive delta deposit 
With the first retreat of the ice from the Missouri Coteau a glacial 
lake began to exist in the valley of the South Saskatchewan in the 
vicinity of the ^Ibow, probably outflowing at an early time by the 
way of Mooee Jaw creek, and through a glacial lake in tiie upper 
Souris basin, to the Miseouri near Fort Stevenson. Later the out- 
flow from the lake Saskatchewan may have passed to the lake 
Souris by way of the Wascana river, after passing through a gla- 
cial take which probably extended from Regina sixty miles to the 
nest in the upper Qu'Appelle basin. When the Dakota ice-lobe 
was melted back to the vicinity of Devil's lake, the drainage of 
lake Souris passed southeast by the Big Coulee, one of the head 
streams of the Sheyenne, flowing thence for some time southward 
by the James river to lake Dakota, but later eastward and south- 
ward by the Sheyenne into lake Agassiz. A manuscript report 
of a reconnoissance in North Dakota by major W. J. Twinir^, 
in 1869, describes the valley of Big Coulee as 125 feet deep and a 
third of a mile wide, enclosing several shallow lakes along its 
course. "This great valley," he writes " preserves its character 
to within twelve miles of the Mouse [Souris] river and connecte 
through the clay and sand ridge with t^e open valley of that 
stream. " 

The Sheyenne delta, reaching from the Lightning's Nest fifty 
miles northwest to the south bend of the Maple river, and having 
a maximum width of nearly thirty miles to the northeast from the 
sontii bend of the Sheyenne, probably covers an area of 800 square 
miles to an average depth of 40 feet A large portion of this 
delta is doubtless modified drift, which was brought down by 
glacial streams from the melting surface of the ice-sheet, their 
coarser gravel with much sand being deposited in the high plains, 
that slope southward along the outer side of the great moraines 
that pass south of Devil's lake, tlieir finer gravel and ^and being 
carried by the Sheyenne to this delta, and their finest silt and clay 
being spread in the quiet water of the lake over a much laiger ad- 
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Joining area of its bed, from near Brecbenridge, northward beyoud 
the mouth of the Sheyeime. Mnch alluvium was also supplied 
from tiie erosion of the Sheyenne valley, which, with that of the 
Big Coulee, probably averagea three fourths of a mile in width 
and 150 feet in depth along a distance of 200 miles. This chan- 
nel Ib cut in the drift sheet, mainly till, and in the underlying 
easily eroded Cretaceous shales. The volume of the material sup- 
plied from it would be equal, according to these estimates, to about 
three fourths of the Sheyenne delta, or perhaps to three eigbtiia of 
both the delta and the finer clayey sediments that were deposited 
&rther oat in the lake. But the valley of tiie Sheyenne was doubt- 
less also both a preglacial and an ioterglacial valley. It was prob- 
ably wholly filled with till in the first glacial epoch, then was 
eroded, chiefly in this drift, to nearly its present size during inter- 
glacial time, and was partially but perhaps not wholly refilled with 
till in the last epoch of gtaciation. If it retained in considerable 
degree its trough-like form beneath the last ice-sheet, as was evi- 
dently true of the Minnesota valley, its erosion and its tribute to 
the Sheyenne delta would be less than the proportion estimated. 

When the bed of lake Agaasiz was gradually uncovered from 
the water of the receding lake, some parts of its central plain 
through which the Red river flows probably remained as broad, 
shallow basins of water, which that river and its tributaries have 
since filled wttli their fine clayey alluvium. The similar clayey 
silt brought into lake Agassiz by its delta-forming affluents, the 
Buffalo, Sand Hill, Sheyenne, Pembina, and Assiniboine rivers, 
and others farther north, has been spread over lai^e areas of the 
lake bed, but more extensive portions had a surface of till, with 
QO such lacustrine deposit Over these formations, much alluv- 
ium has been laid down along the avenues of drainage of the old 
take bed, and it Las filled depressions of the original surface, 
whether of lacustrine sediments or of till, being only distinguish- 
able from the former by its containing in some places sheila like 
those now living in the shallow lakes of tlic country' adjoining the 
area of lake Agassiz, remains of rushes and sedges and peaty de- 
posits, as of the present marshes of the Red River valley, and 
occasional branches and Ic^ of wood, such as are floated down by 
streams in their stages of flood. Thus the occurrence of shells, 
rushes and sedges in these alluvial i)eds at McCauleyviUe, Minne- 
sota, 32 and 45 feet below the surface, or about 7 and 20 feet be- 
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low the level of the Red river, of eheets of turf, m&ny frag- 
ments of decaying wood, &nd a log a foot in diameter at G-lyndon, 
Minnesota, 13 to 3Ii feet below the surface, and numerous other 
observation of remains of v^etation elsewhere along the Bed 
River valley in these beds, demonstrate that lake Agassiz had 
been drained away, and that the valley was a land surface, sub- 
ject to overflow b; the river at its stages of flood when these re- 
mains were deposited.* Even at the present time much of the 
area of stratified clay that almost continuously forms the central 
part of the valley plain is covered by the highest floods and prob- 
ably no portion of it ia more than ten feet above the high water 
line of the Red River and its tributaries. The position of the 
thick beds of fine silt and clay in the central depression of the 
Bed River valley shows that they were not mainly deposited by 
the waters of lake Agassiz, which must have spread them some- 
what equally over both the lower and higher partfi of the lacus- 
trine area ; but instead appears to prove that at least their npper 
and greater part was brought by the rivers which flowed Into tJiis 
hollow and along it northward after the glacial lake was with- 
drawn. 
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1890, pp. 321-22. 

26. LEIDY, J. Maotodon and Capybara from South Caro- 

lina. Proc. Acad. Natl. Sci., Phila., 1890, pp. 184^5. 
Description of several species, including M. mgonden* 
sp. n. from the gantee beds, Beaufort; Co., S. G. 

27. LEIDY, J. Notice of Some Fossil Human Bones.- Trans. 

Wag. Free Ins. Sci., 2, Dec., 1889, pp. 9-12; illustrated 

28. LEIDY, J. Notice of Some Mammalian Remains from 

the Salt Mine of Petite Anse, Louisiana. Trans. Wag; 
Free Ins. Sci, 2, Dec., 1889, pp, 33-40; illustrated. 

Description of Matlodon, Mylodon, Equu*., also E. 
major from Bend and Fayette Cos. , 111. ; and E. eurouient 
from Nicaragua. 

29. LEIDY, J. On Platygonus, an extinct Oeaua allied to 

the Peccaries. Trans, Wag. Free Ins. Sci., 2, Dec., 
1889, pp. 41-50 ; illustrated. 

Treating principally on P. comprestut from near 
Bocheeter. 

30. MARSH, O- O. Additional Characters of Ceratopuds, 

with notice of New Cretaceous Dinosaurs. Am. J. ScL, 
39, May, 1890, pp. 418-26; illustrated. 

Analysis of Triceratopt and description of the follow- 
ing new dinosaurs. Triceratopt fulcatut sp. n. from 
Ceratops 'beds of Wyoming, and Trachodon longieept ep, 
n. from the Laramie of Wyoming. Hadroiawu* agilu 
Msh. is made to represent a new genus, Claoiaum* (Pter- 
anodon beds of Kansas). Finally, a brief synopsis (after 
Msh. ) of Cretaceous Dinosaurs. 

31R. MARSH, O. 0- Cretaceous Beptiles from the Western 
States. Creological Magazine, 3, vol. vii, pp. 1-5. Be- 
view in Am. Geol., 5, March, 1890, pp. 180-81. 

32. MARSH, O. O. Description of New Dinoaaurian Bep- 
tiles. Am. J. Sci. 39, Jan., 1890, pp. 81-86; illus- 

The following are described as new, Triceratopt »er- 
Totut sp. n, from the "Ceratops" beds of Wyoming. 
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T. j>ror»iM from the "Ceratope"of Colorado. Omith- 
omimut velox g. et sp. n. , and BaToiavrut lenttu g. et 
sp. n. from the AtlantosauniH beds of Dakota. Sadro' 
■auru* pawcideni is DOW referred to Ceraiopg pandden*. 

MARSH, O. O. Notice of New Tertiary MammalB. Am. 
J. Sci., 39, June, 1890, pp. 523-25; illustrated. 

The following from the "Broutotherium" beds of 
Dakota are new, Diploclonm ampins g. et ep. n. Tele- 
odu9 avu$ g. et sp. n. C^todon Imcatut g. et sp. a. 
Syopotamu* dejtectut Bp. n. Palteoti/opi latieepi is now 
referred to a new genus Limnohyopt. 

MARSH, O- O. Notice of some Extinct Testudinata. 
Am. J. Sci., 40, Aug., 1890, pp. 177-79; illustrated. 

Glyptop* omatru g. et sp. n. from the Atlantosaums 
beds of Wyoming, Adocvs punctata^ sp. n. from the 
Cretaceous of New Jersey, Te$tudo hrontops sp. n. from 
the Lower Miocene of Dakota. 

MARSH, O. O. The Skuil of a Gigantic Ceratopsidee. 
Geological Magazine, 3, vol. vii, Jan., 1890, pp. 1-5; 
illustrated. 

Describing the Dinosaur Triceratopt jlahellatiu Mah. 
from Wyoming. 

MOOBE, J- A Recent find of Caatoroides. Am. Nat, 
24, Aug., 1800, p. 767. 

AuDOuncing the discovery' of an almost complete skel- 
eton of C. ohioemig in Indiana. 
it. NEWBERRY, J. S- The Palssozoic Fishes of Amer- 
ica. Mon. U. S. Geol. Sur. , vol. xvi, 1880. Review in 
Am. Geol, 6, Nov., 1890, p. 323. 

NEWBERRY, J. S- Ibid. Review in Am, J., Sci., 
40, Sept, 1890, pp. 255-56. 

NEWBERRY, J. S. On the Genus Oracanthus Ag. 
Abstract in Trans. N. Y. Acad. Sci., vol. ix,. 1890, pp. 
13133. 

A review of this genus and a description of 0. vetjultu 
Leidy, from Danville, Dl. 

OSBOBN, H. F- A Review of the Cemaysian Mammalia. 
Proc. Acad. Natl. Sci. Phila. 1890, pp. 51-62 ; illus- 
trated. 

A review of the fauna of this period in France, which 
Lemoine considers parallel with the Puerco. 
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44. OSBORK, H. P- Two papers in conjunction with Prot 
Scott See No. 41, Scott and Oabom. 

41. SOOTT, W-B. Beitrage zur KcDDtiiiBa der Oreodonti- 

dK. Morph. Jarbh. vol. xvi, 2, 1890; illuetrated. 

42. SOOTT, W. B. Prol W. B. Scott on the Oreodont*. 

Morph. Jarbb. vol. xvi, 2, 1890. Review by Mr. Ly- 
dekker in Geological Magazine, 3, vol. vii, Dec. 1890, 
p. B68. The reviewer terms tliis "A very valuable con- 
tribution * * * and hopes the learned author of thia im- 
portant memoir will see his way to treating other groups 
in the same masterly manner. " 

43. SOOTT, W. B. and OSBORN, H- p. Preliminary ac- 

count of the Fossil Mammals tmva the White River and 
Loup Fork Formations contained in the Museum of Com- 
parative Zoology, Part II. Bull. Mus. Comp. Zool. vol 
XX, no. 3, pp. 65-100. 

A continuation of investigations published in 1887 
{Ibid, vol. xiii, no. 5, 151-71.) 

Camivora and Artiodactyla by W. B. Scott (6^7), 
and Perissodactjla by H. F. Osbom (87-100) 

One new species is described by Scott, FelU maxima. 
44R. SOOTT, W- B. and OSBORN, H. P. The mam- 
malia of the Uinta Formation. Truis. Am. Phil. Soc 

1889, vol. xvi, 112 pp. Review in Am. Geol. 6, July, 

1890, p. 56-57. 

46R. SOOTT, W.B. and OSBORN, H. P. Ibid. Review- 
in Am. J, Sci. 39, May, 1890, p. 403. 

46. TRAQUAIR, R. H. Notes on the Devonian Fishes of 

Scaumenac Bay and Campbelltown, in CaDada. Geolog- 
ical Magazine, 3, vol. vii, Jan. 1890, 15-22. 

One new species from the former locality is described, 
Cephnla»pis laticept, the first occurrence of this genus in 
rocks later than Lower Devonian. From the Lower De- 
vonian of Campbelltown are described as new Phli/ctaen- 
iut (g. nov.) <icadicut (Whiteaves sp.) and Cfphalaspit- 
whileavtii. 

47. TRAQUAIR, R- H. On Phiyctsenius, A New Genus of 

Coccostidss. Geological Magazine, 3, vol. vii, FeU 
1890, pp. 55-60. Illustrated. 
Partly on Canadian Coccottidce. 
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48< TBAQUAIR, B. H. On the FoasU Fishes of the Devos- 
iaa Rocks of Scanmenac Bay and Campbell tows, Gaiir 
ada. Abstract in BriUsh Assn. Kept 1889, p. 684. 

49. WEITEAVES, J- F. Contribations to CaDadian Palo- 
oiitoI<^y, vol. i, pp. 11, 1889. 

Review by A. S. Woodward, Geok Mag. 3, voL vil, 
Jan. 1890, p. 42. 

60. WILLIAMS, H. S. An account of the jttogreBS in N. 

A. PftIaentol<^y for the years 1887-1888. Smithsonian 
Report 1888, pp. 261-326, Washington, 1890. 

61. WILLISTON, S. W. Note on the Pelvis of Camnoria 

(CamptoeauroB). Am. Nat 24, May, 1890, p. 472. 

Correcting an error occnrring in Nicholson & Lydek- 
ker's Palffiontology in not supplying a preacetabular pro- 
cess to the ilium of Camptoiauni*. 

62. WOODWARD, A. S. Tertebrate Paleeontology in some 

American Moseums. Geol. Mag. 3, vol. vii, Sept, 1690, 

pp. 390-95 and Oct 1890, pp. 455-60. 
Lilt of New Fonru, a* Detcribed m the Memoirt of the /ore- 
going Li»t. 

NOTB. — The author recognizes the undoubted synonymy of some 
genera and species in the following Slst, but as some of these have boeu 
brought to tbe notice of the public, no comment or reference, wliatever, 
to any particular case, Is here made ; Indeed, such reference woald 
hardly be In proper place In a bibliography or list of new forma. The 
list, therefore, contains some forms represented by two names. 
Adocat punctottM Msh. {Cretaceous of New Jersey. (34. 

AUurodun compre««ua Cope. Loup Fork Miocene. 8. 

Anitil\i(UTAs, gen. no v. Traq. 

A. aoaMcm Wh. Devonian of Canada. 48. 
SarotauruM gen. nov. Msh. 

B. lentru Msh Atlantosaurus beds of Dakota. 3S. 
BnuAypaalis gon. nov. Cope. 

B. pachycephaiue Cope. Loup Fork of Nebraska. 10. 
Cephalaipia toMceps Traq. Devonian of Canada. 40. 
C wMteavesl Traq. Devonian of Canada. 48. 
Cavtap* {Hadrotaurui) patieideni 

Mah. Laramie of Montana. 3S. 

Claoaaurus gen. nov. Mah. 

C. {Hadrosaurw) agttta Msh. Fteranodon beds of Kansas. 30. 
Colodon gen. nov. Msh. 

i Locality or formation. 

t Refers to number of memotr In above list 
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C. luxotiM Msh 
IHploCloTait gen. nov. Mah. 

D. am/plu» Msb. 
Emiya eaglyfpha Leldf. 
Felis nutrtma Scott. 
Olj/ptoclon septentT-tmalls Leldf. 
QlVptop* gen. nov. Msh. 

O. oTVHitus Msb. 
OVFOcaTiihtM Incurvu* Traq. 
nippoihertum prlnnept Leldy. 
Hyopauimut deJtecOit Meh. 
lAmnfihyope gen. nov. Msh. 
X. laMcep* Mah. 
Machaiavdua fiortdaniu Leldf. 
ifcutodon ruga»Id«n« Leidjr. 
OmtthomlTnus gen. nov. Msh. 
0. velox Hsh. 

FhlVCtmUiM gen. nov. Traq. 
P. ooacNcus Wh. 
PteropeJiAe gen, nov. Cope. 
P. ifralUpe» Cope. 
RMnoceroa longlpea Leidy. 
SteniOfjale robtista Cope. 
Teleadut gen. nov. Msb. 
T. aim* Mah. 
TeaCudo bronlopg Mab. 
I*, crowfaculala Leidy. 
Tracttodon Umiftcept Mah. 
IViceratopa prornu Mab. 
r. gerratus Msh. 
T. nUcatu* Msh. 



Brontotherlum beda ol Dakota. 3S 

BroDtotherlum beds of Dakota. SS, 

Florida. •1889. IB. 

liOup Fork of Kansas. 43. 

Florida. •1889, IR. 

AUantosaurus beds of Wfomlog. 34. 

Devonian of Canada. 4S. 

Peace Creek, Fla. 23. 

Brontotherlum beds of Dakota. 33. 

Brontotherlum beda of Dakota. 33. 

OcalamartOD Co., Fla 20. 

Beaufort Co., S, C. 26. 

Ceratops beda of Colorado. 32. 

Devonian of Canada. 46. 

Laramie of Montana. T. 

Peace Creek, Fla. 23. 

Loup Fork of Nebraaka. 10. 

Brontotherlum beds of Dakota. 33. 

Lower Miocene of Dakota. 34. 

Peace Creek, Fla. 21. 

Laramie of Wyoming. 30. 

Ceratops beds of Wyoming. 32. 

Ceratops beds ot Wyoming. 32. 

Ceratops beds of Wyoming. 30. 



HAS "NEWARK" PRIORITY AS A GROUP NAME. 

Bi IsBABL C. RcaasLt, Wasliington. 
In a brief paper on the Newark system published in this journal 
about two years since," I proposed a revival of "Newark" as a 
group name for the reddish-brown sandstones and shales and asso- 
ciated trap rocks of the Atlantic coast r^on, which had previously 
been quite generally referred to the Triassic and Jurassic. . A long 
list of names was presented that had been used to designate the 
rocks in question ; nearly all of which implied correlation with 
European terranes, ranging from the Silurian to the Jurassic The 

•Vol. 3, 1889, pp, 17S-183. 

• Am. Geol. 5, April, 1889, p. 251. 
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adriBabUi^ of adopting a name that did not indicate relatiooBhip 
with distant lormatioOB was also pointed out The flret name ott 
the liBt referred to, which met thia requirement wan, '< Newark 
group," proposed by W. G. Redfield, in 1856. That this was a 
group name intended to indicate the eatire formation, is shown by 
the language used. Redfleld's words are : 

" I propose the latter designation [Newark group] as a conven- 
ient name for these rocks [the red sandstones extending from New 
Jersey to Virginia] and to those of the Connecticut valley, with 
which they are thoroughly identified by foot-prints and other fos- 
sils, and I would include also, the contemporaneous sandstones of 
Virginia and North Carolina."* 

As stated in my previous paper, the term "group" has been 
adopted by the IntematJonal Congresa of Geologists, in a wider 
sense than was implied by Redfield. I therefore suggest that 
"system" should be substituted instead. Before offering this 
suggestion I made what I believe to have been an exhaustive ez- 
aminatioD of the literature relating to the terrane in question, and 
concluded that Redfleld's name had precedence over all other 
names that had been used which did not imply correlation. 

The term Newark system has recently been adopted by several 
geoli^sts, in accordance with my suggestion, and up to the pres- 
ent time but one voice has been raised against it In an article 
on "Theoseof the terms Laurentian and Newark in geological- 
treatises," published in this Jouraal,t Prof. C. H. Hitchcock has 
formolated five objections to its acceptance. These will be con- 
sidered in the order in which they were presented. 

First. It is claimed that "An essential feature of a name de- 
rived from a geographical locality is that the terrane should be 
exhibited there in its entirety or maximum development ; " and that 
the territory about Newark, N. J. , does not meet these require- 
ments for the Newark system. 

Without dissenting from the wisdom of the role proposed, al- 
though a lai^e number of exceptions could be found to it in the 
beat geological memoirs, I wish to state from my own knowledge 
that the region about Newark may be taken as typical of the ter- 
rane named after that city. The characteristic reddish-brown 
sandstones and shales are there well exposed, and in the neighbor- 
* Am. Jour. Scl., 3d ser. 1656, Vol. SS, p. 337; also in Am. Assoc. Adv 
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ing Newark monntaiDB, the a^BOciated trap rock oocnn in sheets 
-of great thickness. This statemeiit is austfuoed by Prot Hitch- 
■Gock's own words, a little farther on in the paper cited, where he 
says "the New Jersey terrane possesses the distinguish! i^ feat- 
ures of the Trias, quite as well aa the one in New England." 

That Paitaie would have been a better name as Prof. Hitchcock 
st^geats, is perhaps true, but the one before us was definitely se- 
lected and has priority. 

Second. It is stated by Prol Hitchcock that the name " Con- 
necticut or Gonnectieut Biver sandstone has priority over Newark, " 
and was used by aeTeral geologists before Redfleld's proposal in 
1856, "though none of them had proposed it as a geological 
teno. " The admitted fact that no one had used the name referred 
to as a geological term, relieves me of the necessity of showing 
that Redfleld's name has priority. 

In the writings of the older geologista, among whom Prol Ed- 
ward Hitchcock will always take the first rank as an investigator 
of the sandstones of the Connecticut valley, the terms ' ' Connecti- 
cut sandstone " or "Connecticut River sandstone," were used in 
the same sense as the coordinate tenn I have just employed, i. e., 
as a geographical designation; Just as they might have referred 
to the granite of Masachusetts without any intention of proposing 
a group name. The fact that the older geologists, and among 
them Prot Bldward Hitchcock, spoke of the Newark rocks of New 
England under definite group names, implying correlation, is suf- 
ficient evidence that they did not recognize the value of an inde- 
pendent name. 

Third. It is stated that Prof. J. D. Dana adopted the name 
proposed by Redfield, in his lectures, but did not use it in his sub- 
sequent writings. Prof, Dana's reasons for this course have never 
been published, and so far as it is a precedent — happily prece- 
dents have less weight in geolt^y than in some other professions — 
it indicates that we should first use the name Newark and then 
abandon it for other names implying indefinite correlation with dis- 
tant terranes. 

Fourth and Fifth. While it is admitted that the terrane under 
discussion is quite as well represented in New Jersey as in the 
Connecticut valley, it ia claimed that the latter having been studied 
first, should have furnished the group name. I fully agree with 
Prt^ Hitchcock in this, and could add several other group names 
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irMch to my taste might be improved, but the author of a geol<^- 
icat name, like the palfeoiitol<^iBt who deecribee a new fossil,' is en- 
titled to priority. To attempt to introduce a new name for a group 
of rocks already sufficiently well desigmited, would only bring 
confusion, similar to that produced by the great variety of names 
implying correlation, tliat have already been used for the Newark 
system. 



THE POST ARCH/GAN ACE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.» 

Fbakk L. Mabok, New Bnuuwick. N. J. 
I. 

Early in the year 1888, during the progress of my work on the 
Geolc^cal Survey of New Jersey, I was at Fnmklin Furnace for 
□early two weeks. Wliile there my attention was attracted by 
what I supposed to be boulders of gneiss in the white limestones. 
I also noticed the outorop of sandstone, which appears on the 
north side of the Furnace pond. 

My curiosity was excited and fartlier search showed other local- 
ities as interesting as these. The result was that the idea of these 
white limestones being the metamorphosed "Blue" first suggested 
itself to me. I was then ignorant of the attention which this sub- 
ject had attracted in the past, and supposed that I was the origi- 
nator of the idea. Further study showed me my error, but I 
determined to satisfy myself on the subject, especially as it seemed 
to me tMt the question in whatever light it was regarded had 
never been fully settled. 

The first paper of consequence, bearing on this subject, appears 
in the ' ' Journal of the Academy of Natural Sciences of Philadel- 
phia," 1822. The authors, Keating and Vanuxem, have a paper 
on the ■■Geoli^y and Mineralogy of Franklin, in Sussex county, 
N. J," In this paper the writers offer no proof of the Archssan 
age of this limestone, though as will be seen, the idea is strongly 

*Thl3 paper deals onl; with the principal work that has been done in 
this area and a parlof Warren count;, and also a part of Orange connty, 
N. Y. The full results ot this work are recorded In the reports and 
papers quoted. 

The more recent work by the writer Is published In the Annual Report 
of the State Geologist of N. J., for the year 1B90. 

18 
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advocsted, save the following : A rock which they call sienite^ 
bat which cannot be limited to the altered sandstone or to the 
ernptire granite (since, according to them, it partakee of the 
nature of both) occurs in beds or layers. These are parallel to 
the strike of the white limestones. These beds also, acoordiag to 
the writers, dip 8. E. with the limestones at an angle of 80*. 
Snbordiuate to the aienite thej place 1st limestone, 2d gneiss, 3d 
qneenstone (whatever tiiey mean by it). The sienit^, limestone, 
gneiss, and greeoatone, are all evidently r^arded by them as 
being of sedimentary origin. Since the greenstones are described 
by them as being derived from the sienites by an increase of 
amphibole and a dimunition of feldspar, the greenstones are of 
limited extent 

It is admitted thaf although the limestones are subordinate to 
the sienite, sienite is interstratjfied with the limestone. 

It is noted by them that the principal minerals are found in the 
sienite in cavities, or at least near to the sienite. They also ob- 
serve tiiat in the grauwacke and the limestone overlying it there 
is present ■<fluate of lime of a pale violet color, which is 
found in small cavities in the limestone, and appears to have been 
formed by infiltration into it as well as the rocks under it It 
cannot, therefore, serve to connect these rocks with the sienite in 
the timestoDe of which It has also been found, or to prove them to 
have been of cotemporaneous origin, as some geolt^sts have sup- 
posed; but this hjrpothesis is in direct opposition to the fact 
which we have previously mentioned of its being found resting 
upon the upturned edges of the sienite." 

I quote their words to show the nature of the proof which they 
advance. Their proof of difl'erence in time of deposition of the 
blue and the white limestones, rests upon unconformability. This 
unconformability is shown by pointing out that while the white 
limestones lie under the sienite, or are interstratified with it^ the 
blue limestones and the grauwacke lie upon the upturned edges fA 
the sienite. The inutility of this argument is at once apparent 
when it is pointed out that an eruptive granite has been confused 
with a foliated and bedded rock of a wholly different nature. 

They failed to find fossils either in the blue limestone or in the 
grauwacke, though they have since been found. 

The next important paper which I have succeeded iu findiog 
bearing upon this subject is the "Report on the Geological Survey 
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of New Jersey," Philadelphia, 1836, Whether, during the four 
teen years which elapsed between the publication of the paper just 
quoted and this report of Prof. Rogers, this question was can- 
vassed and the drift of scientific opinion set in favor of Prof. 
Rogers, I cannot say. ' Certain it is, however, that Prof. Rt^rs 
in this report calmly takes his position for granted and describes 
all of these limestones nnder the name of Formation II. There 
are nnmerons papers in the earlier volumes of the American 
Journal of Science, by Nutall, Pierce, Shepard and others, and 
these men seem to favor Prof. Rogers. 

In these papers, the region under discussion is referred to as 
the ■■transition series." No special mention is made of the white 
limestones but they appear to be included in the same categorj- as 
the rooks of the Green pond, Bearford, and Bellevale mountains, 
uid the bine limestones of the N. W. border. 

Prof. Mather, as will be shown later on, seems to adopt this 
view, but ascribes to Thomas Nutall the credit of first expressing 
the opinion that the blue limestones and the white limestones are 
cotemporaneouB in origin. 

In the American Journal of Science, vol. v., pp. 247-248, 
Nutall describes the rocks near Fowler's house at Franklin as 
follows : 

"The crystalline calcareous rock which alternates with granit- 
ines of feldspar and quartz, or with beds of sienite granite, dis- 
appears, and a confluent grauwacke, almost perplyritic, and 
ootemporaneous apparently with the other formations, appears 
directly overlaid by a bod of leaden, minutely granular, lecondary 
limestone, containing oi^anic remains of the usual shells and cor- 
alines, and layers of blackish hornstone or petrosilex. This rock, 
as well as the grauwacke beneath, presents disseminated crystals of 
blue fluate of lime. In the limestone the cavities arc sometimes 
very numerous,- and lined both with pseudomorphous masses and 
cubes of blue and white fluate and quartz crj-etals. 

" Thus wc have, " continues the writer, " here before us, as at 
lake Champlain, the novel and interesting spectacle of a union 
of every class of rocks, but passing decidedly into each other as 
if almost cotemporaneous " I 

NutaU's position ia thus clearly defined though he makes the 
usual mistake of supposing the so-calleil sienite to be of sedimen- 
tary origin. 
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On page 112 of his report, Prof. Rogers first makes mentioa of 
the associated limeBtones and sandstones, and as he calls it, 
sienitic granite. He however is a little ambiguous for he speaks 
of it as a bed of sienitic granite of the usual composition of the 
gneiss of Hue r^ion, which dips eastward with the other beds, 
i. c. the white limestones, gneiss and sandstones. 

He speaks of the scarcity of organic remuns but states that be 
fonnd madrepores in proximity to the flinty nodules in the 
limestone. 

He says nothing in this report of his idea of the cotempotaneons 
origin of the white and blue limestones, but as he deacribea this 
altered under the head of Formation II, one is at a loss to decide 
aa to what his attitude was on the question. 

His section through this point, though, shows the blue lime- 
stone and sandstones dipping \. W. , the gneiss, beds of frank- 
Unite and altered limestone or marble with veins of quartz and 
sienite dipping 8. E, Then the blue limestone which is again 
represented as dipping N. W. 

His only marked error in this section is in representing the 
bine limestone as keeping its N. W. dip to Hambui^ Mt, whereas 
the N. W. dip is in a short distance succeeded by a S. E. dip, and 
then the reappearance of the white limestone which reaches nearly 
to the mountain to the east 

In the "Final Report on the Geology- of N. J.," published in 
1840, on pp. 47 to 67, Prof. Rogers describes the limestones of 
Formation II. In these pages the geological features are ouljined 
with such boldness and fidelity to fact as to awaken in one the 
feelings of profoundest admiration for one who could accomplish 
so much with the limited time and means at his disposal. Under 
the title "Formation II," Prof. Rogers describes in detail the blue 
limestones, "called in N. J., mognesian, in N. Y. calciferons. " 

In these pages he makes no special mention of the white lime- 
stones, but from tJie locating of isolated patehes of Formation II, 
especially in the low water shed between the Musconetoong and 
the Wallkill rivers, it becomes very evident that there is no shadow 
of doubt in his mind but that the two limestones are cotempora- 
neous in origin. 

It is under the heading of ' ■ Igneous Rocks Connected with For- 
mation II," that all ambiguity is removed and his position is 
clearly and positively defined. That there may be no possibility 
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of mietake, eitha in the understanding of his words with regard 
to Formation II of confuBion as to locality, I quote from him ver- 
bat^: "The bine limestone of the Kittatinj valley, exhibits, in 
certain localities, some highly impressive and remarkable phenom- 
ena of alteration of structure, induced by the heating agency of a 
series of igneous injections. 

"The altere<l bands of the rock maybe grouped into two distinct 
belts ranging from N. E. to S. W. parallel to the general strike of 
all of the strata in this quarter of the state. The more north- 
eastern of these belts occupies, at intervals, the valley which lies 
immediately at the foot of the Hamburg or Wallkill Mt., through- 
out nearly its whole length, keeping usually towards its northwesU 
em margin, or near the base of the Fochuck Mt. , and the belt of 
hills in its prolongation to the S. W. namely, the hills north of 
Franklin, Pimple hills and the hills north and west of Sparta and 
Lockwood. The northeast«rn tract first shows itself at Mts. Adam 
and Kve, in New York, about Bve miles beyond the state line, and 
has its sonthwestem termination in the neighborhood of Lock- 
wood. 

"Over this whole distance, though the altered material exhibits 
considerable diversity in regard to the imbedded minerals which it 
contains, yet the main mass of the rock, or the calcareous paste 
investing them, remains to a groat extent, of a uniform character 
as to stnictare and color. " Farther on he makes mention of the 
coarsely crystalline limestooes in the following manner. " When 
destitute, or nearly so, of the extraneous minerals often diffused 
through it, the prevailing condition of the rock is that of a white, 
perfectly crystalline limestone. An extreme degree of develop- 
ment of the crystalline structure had assumed the condition of 
rhombic calcareons spar." 

"It is often then semi translucent, but more frequently it is of 
an opaque white and occnsionnlly of a pink hue, resembling some- 
what reddish feldspar. These varieties may be regarded as the 
altered rock under its most characteristic features, and arc to be 
viewed as exhibiting the limit of riJteraUnn of which the limestone 
has been susceptible by igneous action, when it has been pure 
or consisted of little else than carbonate of lime. When of such 
aspect and structure the mineral most usually disseminated through 
it is plumbago, in small brilliant plates, often perfectly hexagonal. 
Beside this highly developed crjstallization, it presents every gnuia- 
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tion of crystalline structure down to a finelj- granular one, and 
even to wbat may be termed the subcrj'iitalliDe condition, when it 
often partakes of the color and texture of the blue limestone out 
of which all these varieties have originated, " 

On pages 73 and 76 of this final report Prof. Rogers describes 
very ininut«ly, two localities in which a change from the unaltered 
blue limestone to the highly crystalline limestone takes place 
within a distance of flftj' feet. 

In one of these localities at Lion pond, now Roseville poud, 
there is a regular gradation from the S. E. First gneiss, second 
sandstone Formation I, third, blue limestone Formation II, pass- 
ing into the sandstones, and finally, the white crystalline lime- 
stones in contact with a dike of feldspathic sienite to which he 
ascribes the cause of alteration. 

Another very important fact recorded by Pi-ot Rogers (in this 
report, p. 74,) is the presence of the mineral chondrodite in these 
altered limestones. He notes that the abundance and perfection 
of the crystallization of this mineral bears a direct ratio to the 
crystallization of the limestone and this to the prosimity to an 
igneous rock. 

I have thus briefly stated the outline of this report by Prof. 
Rogers. It will be seen that he committed himself unhesitatingly 
to the idea, first, that granites or sienites were eruptive ; second, 
that these eruptive rocks caused the metamorphism of the blue 
limestones, in places, to the highly crystalliue white limestones 
of this r^on. 

It does not vitiate the truth of his observations in this ease, 
that he went still farther and assumed the eruptive nature, not only 
of the granites and greenstones, but of the magnetite iron and of 
the zinc ores of the highlands of Susses county especially. 

On this basis however he would have had hartl work to account 
for the presence of sphalerite bctls in the same limestone belt but 
nearer the Delaware river. 

Even in this brief sketch it is very evident that, however bril- 
liant the conception of this idea of the metamorphism of tlie blue 
limestone may have been, it was more in the line of geological spec- 
ulation, and he fell far short of proving his position, though in 
comparison with the recorded observations of Vanuxem and Keat- 
ing his demonstration is perfect A careful reading of his whole 
report on this subject does little more than to multiply instances 
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without going into ttie detaib of the matter wbich an exhaustive 
and decisive treatment of the subject demands. 

This is not written in a spirit of hypercriticisni but simply to 
account for the later adopting of the views advocated by Vanuxem 
and Keating, though the subsequent adoption of their views was 
based on errors as great as these geologists made. 

While Prof. lU^ers was engaged in his work in New Jersey, 
Profs. Mather, Beck, and Emmons were engaged in a field in New 
York, very similar to the highland belt of New Jersey, described 
by Prot Sogers. This is especially true of the field occupied by 
Prof. Mather. As is veiy well known, the crystalline region of 
southern New York is but an extension of the same belt from 
New Jersey. 

In the report of Prof. Mather, "Geology of New York, " part I, 
vol. iv, it is a little difficult to understand Just what he meana 
by a primary limestone, in which he very evidently believes, for in 
a foot-note, p. 464 of this report, he says; "The true primary 
limestone here alluded to is the same that forms the second class 
of metamorphic limestones in this volume, and which is next to 
be described as the metamorphic limestones of the Highlands and 
west of the Hudson and of Washington county." 

The last paragraph of this same page, summing up the facts of 
the I division of metamorphic rock, reads as follows : 

"After reviewing all the facts observed both by others and by 
myself, I have been led to the conclusion, that the limeatonet that 
are /requenlli/ crystalline, white and variegated marbles in the 
western part of Vermont, Mass. and Conn., and in the eastern 
part of New York, from mount Washington to the city of New 
York (that have been described in this chapter) are Metamorphic 
Rocks — that they were originally the Mohawk limettones and CaJ- 
eiferout tandilonei, and that the atsociated rockt were originally 
the Fottdam sandstone and the ilate rocks of the Hudson valley; 
that they were in fact the rocks of the Champlain division, but 
much more altered and modified by metamorphic agency than the 
Taconic Rockt" ! The italics and capitals are Prof. Mather's. 

On page 465 he describes the second class of metamorphic rocks 
(true primary ?) under the heading "II Metamorphic Rocks of the 
Highlands, and of Saratoga and Washington counties." 

He spent about two weeks in 1828 and 1838 in the study of the 
white limestones in Orange county, New York, but baling been 
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unfortunate enough to loee hia note books, he qnotes verbatim in 
many places the report of Prof. Rogers in the New Jeney geology 
and appears to adopt his views unquestionlngly. He also quotes 
from Dr. Horton and from Prof. Shepard. 

Br. Horton published his report in 1839 and from the fact tliat 
he is quoted by Prof. Mather, it would seem that the views of the 
two were in accord. 

That there may be no mistaking the position of Frof. Mather, I 
quote from his, p. 465 ; " In Orange oonnty, New Jersey, and in 
Sussex county. New Jersey, all the changes from the gray and 
blue limestone (Mohawk limestone and Calciferous sandstone of the 
New York reports and formatjon No. 2 of the Pennsylvania survey) 
can be distinctly traced into perfectly crystallized limestone, con- 
taining the various crj'stallized minerals; so that it is believed that 
most of those who will examine the rocks thoroughly, will admit 
that they are metamorphic. " 

The puzzling tact in these quotations, more puzzling in the 
report, is that he seems to regard the marbles, described iu the first 
class of metamorphic, as younger and wholly distinct from the 
second class of metamorphic rocks in which he includes "the true 
primary limestones. " Yet the Mohawk limestone, the Calciferous 
sandstone, and the Potsdam sandstone appear in each division. 

One thing is very evident, he believed thoroughly in metamor- 
phic action and regarded the white limestones of Orange county, 
New York and of Sussex county, New Jersey as excellent ox- 
amples of its efficiency. Yet it is also evident that if Prof. Rogurs 
did little more than to state his belief, with little or no proof of it, 
Prof. Mather has done nothing more than to leave the question as 
he found it From the time Prol. lU^ers completed the geolt^ical 
survey in New Jersey, in 1837, up to 1854 no official work was 
done on the geoli^y of the state. In 1854, however, the soriey 
was re-organized by Dr. William Kitehell, as state geologist 

His first report appeared in 1855. In this report ho speaks of 
the crj-stalline limestones as metamorphic, but he inclndes under 
this head also, gneisses and hornblende elate. He recognizes the 
granites as true eruptive or igneous rocks and mentions their occur- 
ring in the form of intrusive veins and dykes, and farther notes 
that these are found, with one exception, in the metamorphic 
rocks, notably in the white limestones. 

In the annual report for 1855, p. 131, Dr. Kitehell again refers 
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to the white limestones. He dow calls the rocks of the Highlands 
Azoic. His classification probably in an ascending series is ' ' 1st 
gneiss; 2d hornblende micaceons, feldspatbic, and quartzose schists^ 
3d white cr3mtalline limestones (saccharoidal marbles) interstrati- 
fied with seams or layers of magnetic ore (magnetite) and iron 
pyrites, " 

One has rather to guess at his position than to gain a positive 
idea from his statements. 

On pp. 138 and 139, however, he notes that when a knob or 
outerop of white limestone occursjn the blue, it is always accom- 
panied by dykes of granite and other igneous rocks. He also notes 
the presence of an increased number of minerals. On page 142 
Dr. Kitchell writes in such a manner as to leave one in utter doubt 
as to his attitude on this question, unless he r^ards it as possible 
that rocks belonging to his metamorpbic series might have escaped 
alteration and to have come down %oZ\x» almost wholly unchanged 
while others were highly modified. 

In speaking of the limestones of the southeast foot of Pochuck 
mount^n, he says: "There are portions (i.e. of the limestone) 
which are but partially altered ; the stone in part retaining its 
original color, but generally containing impurities. Otber portions 
still are of a blue color, containing here and there a little calcite, 
in which there is considerable plumbago. In the parts which are 
but slightly altered, the texture ranges from compact to suberys- 
talline ; and in those which are more completely changed, from 
sub-crj-stalline to that which is completely crystalline, thus pass- 
ing by regular gradations from ordinary blue limestone to that 
which is highly metamorphic. " Rogers nowhere made a stronger 
statement than this and yet Br. Kitehell distinctly classifies these 
white limestones with the gncisBes. 

As was l>efore remarked the only avenue of escape from a flat 
contradiction in the same report is through the avenue which was 
suggested, namely, considering that the blue limestones as well its 
the white belonged to the same metamorphic series. Dr. Cook, 
however, who was Dr. Kitohell's assistant, cuts off even tliis 
avenue of escape, for in his (Dr. Cook's) report for 1868 h© 
says; — 

"The true position and identity in age of the crj'stalline lime- 
stone and gneiss was proved by Tannxem and Keating, in 1822, 
and this view has been sustained by all the observations of Dr. 
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Kitehell aod hia assistants, and can easily be verified by any one 
who wili visit the localities cited in this report. " 

I otfcr these quotatioas as tnattera of fact rather ttian of criU- 
cism, for Dr. Kitchell's really valuable work was tenninated by 
his death in 1861, and it is hardly fiur to criticise advereelj-, a 
man's incomplete work. 

During the year 1802, mainly through the efforts of Dr. Cook, 
the sun-ey was re-organized with Dr. Cook as state geologist. In 
the first report of 1863 Dr. Cook states his position most unam- 
biguously. On p. 1 of this report he saj-s : — ' ' I have endeavored 
to make plain and indeed to demonstrate a number of points which 
were not clearly settled in the first survey. Thus the commonly 
received opinion that the white limestones of Sussex are the same 
as the blue limestone only changed in color and structure by heat, 
is clearly shown to be erroneous by the sketeh of a locality near 
Franklin Furnace, where the two rocks are shown to be totally 
distinct from each other, one of them being in layers which dip to 
the southeast while the other lies upon the upturned edges of the 
former and dips to the northwest " 

As it is recorded the observation is faulty in the extreme. The 
two rocks are nowhere seen to be in contact and the blue lime- 
stone lies upon the upturned edges of the gneiss only and not 
near the white limestone. 

North of the Furnace pond the white limestones dip S. E. The 
next outcrop is granite, and the next is an outcrop of blue lime- 
stone which dips N. W. and in which fossils, Obolella crassa, and 
graphite, were found as well as numerous oolites. This limestone 
is called blue or unaltered, dips N. W., and cannot therefore "lie 
upon the upturned edges of the white. " 

In the report for 1864, Dr. Cook again briefly refers to the 
white limestone rock "which Is found interstratifled with the 
gneiss rock, along the entire N. W. border of the Highlands of 
Warren and Susses counties." In an accompanying section he 
shows that he considers the rock "Azoic." 

In 1868 Dr. Cook published a very exhaustive report on the 
" Geology of New Jeraej-. " In this report, the chapter on the 
Azoic Formation has a verj" important statement bearing on this 
subject, and I quote the opening paragraph of this chapter in full : 
"Under this division are included the gneiss rocks, the ciystalline 
limestones and the beds of magnetic iron ore. There has been some 
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uncertaiaty in many minds in relation to the age of these rocks, 
it being thought by many that they -were of the game age at, the 
blue or m^nesian limeBlonea, only changed bj' mctamorphic 
action, and that the passage from one to the other was a very 
gradual one. Prof. Rogers in his Final Report on the geology of 
New Jersey, pp. 61-80, under the head of "Igneous rocks con- 
nected with Formation II," discuBses the changes induced upon 
the Blue limestones by igneous action and assumes that all the 
white or crj'Stalline limestones are made from the Blue limestones 
by the action of heat which has been applied by the agency of 
dykea of granite. 

In regard to the crystalline limestones he was mistaken. They 
are everj'where conformable to tbe gneiss and interstratifled witU 
it This mistake ia acknowledged by bla former assistant, J. P. 
Lesley, in the American Journal of Science, vol. 89, p. 221. The 
true position and identity in age of the crj'stalltne limestone and the 
gneiss, was clearly proved by Yanuxem and Keating in the "Jour- 
nal of the Academy of Natural Sciences " in 1822, and this view 
has been Bustained by all of the obser^'ation9 of Dr. Kitchell and 
his assistants, and can easily be verified by any one who will visit 
the localities cited in this report" 

This defines the position of Br. Cook on this question. His . 
opinion is evidently not founded so much upon personal investi- 
gation and observation as upon the reports of others. His proof 
hangs upon the extremely attenuated thread of confonnability, 
which is even in this case more apparent than real, and upon the 
confusion attendant upon the use of the term "gneiss." This 
opinion Dr. Cook held up to the day of his death. The errors of 
Yanuxem and Keating I have already pointed out With regard 
to Prof. Lesley's acknowledgment of the error of Prof. Rogers 
this much only can be said : lie simply announces his belief casu- 
ally in reply to a criticism on Prof. Risers' work by Hall and 
Logan, that Prof. Refers was in error. His belief apj>ears to 
rest upon a mi sunders too«1 statement, published in the American 
Journal of Science, 18C1, vol. 82, p. 208, by Dr. Cook. As 
Prof. Lesley quotes Dr. Cook "he (Dr. Cook) has seen horizontal 
Potsdam sandstone or Calciferous beds overlying these upturned 
Franklin limestones." 

In the first place, these beds are not horizontal, but dip steeply 
to the N. W. ; In the second place, they rest upon the gneiss of 
Franklin furnace and are nowhere near the white limestone. 
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From 1868 to 1886 oo special mention waa made of the white 
limestones. The question was practically settled. In 1886 how- 
ever, Dr. Britton, in his classification of the rocks of New Jersey, 
showed clearly that the idea of the Archean age of these lime- 
stones had grown in strength with the lapse of years. In this re- 
port, "State Creological Survey, 1886," pp. 77 to 83, he again 
groups the crystalline limestones in the Archiean. His grounds 
for this are not new ; — interstratification with gneisses and con- 
formability. 

This brings the history of the question as to the age of the 
white limestones of the Northwest border up to date, so far as 
New Jersey is concerned. It will be seen, I think without doubt, 
that there is absolutely no proof offered which seems to establish 
the opinion ttiat tbese limestones are Archsean ; on the other band, 
Prof. Rogers recorded enough of evidence to establish their post 
Archsean age, or at least to have kept the question open. 

In the comments which I have made I have endeavored to point 
out the errors of the older writers as well as to again record their 
mo:ce valid observations. 



THE MOVEMENT OF lOE ON MINNESOTA LAKES. 

Bv E. H. Atwood, 5t. Cload. tlinii. 
The present winter has been a favorable one for studying the 
causes of the ice movement upon tlie numerous lakes in Minne- 
sota. Residents of this state are familiar with the eight of the 
upheavals of the ice upon our lakes, and to those dwelling in the 
vicinity of lakes the roaring of the ice during the changes of 
temperature is of so frequent occurrence that but little notice is 
taken of it The absence of snow upon the ice exposes it to the 
weather, and as it is as sensitive to changes of temperature as a 
tliermometer the present winter has caused an unusual movement 
There are but few if any lakes in Minnesota where the conditions 
are so favorable for studying the ice movement in all its different 
relations as can be found upon Pearl lake, situated in Maine 
Prairie township. A recent visit to that beautiful sheet of water 
found the ice crowding with tremendous force upon the southern 
shore. Along this shore are situated numerous springs where 
the water oozes up through the gravelly bottom, which prevents 
the ice from freezing to the bottom and sides. As there are no 
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springs on the northcrQ side the ice freezes firmly to the bottom 
«nd sides, conseqaently when the ice expands it moves in the di- 
rection of the least resistance, which in this case is to the south. 

Having studied the ice movement upon this and other lakes for 
many years in temperatores ranging from 40° above to 40° below 
zero, I find that ice after it has once formed into a solid body is 
snbject to the same law which governs other bodies ; that is, that 
heat expands and cold contracts. The question naturally arises, 
if heat expands the ice in a certain direction why does it not con- 
tract to its first position when the temperature falls to its first de- 
gree of cold ? The correct solution of this question will show the 
true principle of the glacial movement, which has been so little 
understood by scientific men of all ages. To explain the move- 
ment of the ice in one direction, let us begin of a bright momtDg 
with the ice on the lake, aay 20 inches thick and the temperature 
10° below zero. Remember tliat while the temperature is 10° be- 
low on the top side of the ice, the bottom lies upon the wnt«r 
with an unchanging temperature at or near 32° above zero. As 
the sun comes up and its rays strike the ice, the temperature rap- 
idly rises, causing the surface of the ice to expand, while the 
temperature of tbe lower surface remains the same. As the 
lower ice cannot streteh to keep up with the expansion of the up- 
per surface, innumerable cracks will be formed on the under sur- 
face, some reaching part way through the ice and a few clear 
through, Th^se cracks are wedge-shaped, like the capital letter A. 
They immediately fill with water and freeze, thus forming so much 
new ice and preventing contraction when the temperature falls. 
This movement will continue as long as tbe temperature rises, ac- 
companied by a roaring and cracking sound like a fierce battle, 
the ice meanwhile crowding upon the shore, often 12 to 15 inches 
a day. About 4 o'clock f. u. the temperature begins to fall and 
the top of the ice to contract, while the bottom remains atation- 
ary. The contraction of the top causes V-sbaped cracks to form 
from the lop downward, the new ice which had filled the A-shaped 
cracks in the bottom preventing the body from resuming ita first 
position. These cracks from the top fill with water and freeze un- 
til the next morning, when we have a body of ice which has been 
entailed by the action of both heat and cold, and as the morning 
sun shines upon its surface the same process of expansion and 
contraction and the formation of new ice goes on. 
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Pearl lake is about one and one-third miles in diameter and the 
ice has been known to crowd up on the shore over 40 feet in three 
montlis when clear of snow, wbich would average fi to 6 inches a 
day. But when covered by a few inches of snow the ice will re- 
main stationary all winter, because the snow is a non-conductor 
and prevents the changes of temperature from affecting the ice. 
Although the movements of the ice in the existing glaciers of the 
world have been studied by the most scientific men of the age and 
many theories have been advanced as to the cause, it seema plain 
to me that there can be but one cause, viz. : contraction by cold and 
expansion by heat ; and the fact that ice remains inactive when so 
covered as not to feel the changes of temperature goes to prove 
that were the temperature to remain uniform for any length of 
time in the region of a glacier its movement would cease. 



NOTES ON THE GEOLOGY OF THE SOUTHWEST. 

Bt Bobbbt T. Hill, Auetiii. Texas. 
Gold in Indian Territory. — The occurrence of gold in the In- 
dian Territory has been the cause of periodic mineral excitements 
for several years. The writer has had occasion during the past 
year to examine the regions wherein the gold occurs. There are 
two of these, one near Tishomingo in the Chickasaw Nation and 
the other in the Wichita mountains upon the Comanche Reserva- 
tion. In t>oth localities the conditions are favorable for mineral 
deposits, consisting of igneous contalcts of granite and emptive 
material with numerous veins and faults, accompanied by lai^e 
deposits of debris derived from them, Bufl3cient to warrant investi- 
gation for placer deposits, in the Tishomingo district at least 
The just rights and well founded opposition to investigation of 
the present Indian proprietors prevent any careful exploration, 
while even reconnoissance is accompanied by danger. 

The mineral resources of Texas are the subject of considerable 
inquiry owing to recent official promulgations from the office of 
'the state geologist concerning the occurrence of tin (cassiterite) 
platinum, and lengthy communications in the press of the state 
upon the value of the woody lignites aud Eocene greensands. 
While it is apparent upon the face of these announcements just at 
the beginning of a session of the Legislature, that their purpose is 
not altogether scientific, it is to be doubted if it is a wise policy 
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for the popular miod to be enthuaed with viaions of mineral 
poesibilities that do not esist, or at least hare not been practicably 
demon Btra ted. The quantity of platinum found in a specimen of 
inexact locality was a aingle fragment less than a pin head — suffl- 
cieot however to justify a scientific investigation. The same can 
be said of tbe tin ore, which so far as yet known exists only in 
quantities enfflcient for mineral curiosities. The experience of 
hundreds in Mississippi, Alabama, Arkansas and Texas, has 
shown the commercial impracticability of the lignites for fuels, 
while the Tertiary greensanda fully studied by Hilgard have never 
been adapted to agriculture. There are many valuable materials 
in Texas however for economic development. Rich chalk and 
Cretaceous marls and greensands, gypsum, and probable phos- 
phate beds occur. Her vast cool fields have never been looked 
into by a competent expert, except in the interest of private par- 
ties. Superb building stones and structural material await devel- 
opment, while the conditions for manufacturing improved artificial 
Portland cements — such as America is now entirely dependent 
upon Europe for — exist in the chalk districts of Texas in marvel- 
ous quantities. In the rarer minerals, the state is exceedingly 
rich, but in nearly every case where investigated these have proved 
of little quantity, except in the Trnns-Pecos region where there 
are undoubtedly valuable silver districts. 

In the small Paleozoic area of the Burnet district from which 
the overlying Cretaceous beds have been eroded tliere is a greater 
diversity of rare minerals than in any spot In America, over thirty 
of the known chemical elements including many of the rarer ele- 
ments such %A yttrium, thorium, etc. , having been found at a 
single locality (Barriuger hill), by Dr. Edgar Everhart of the 
State University. 

The iron and mangenese ores of the state are of the greatest 
value, and are now being rapidly developed by private capital. 



EETIEW OF EEOENT GEOLOGICAL 
LITEBATUEE. 

Perl«om(c Plates of Uie Crinoids. By Charles Wacusuuth and 
Fkakk Spbisgek. (Ptoc. Acad. Nat. Scl., Phlla., 1890, with two 
plates.) The recent progress In crlnoid morphology has been Homewliat 
pbenominal. Towards a better understanding of the pbylogeiietlc 
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relationships of this attractive, yet rather anomalous, group of echlno- 
derms paleontology has aided In no small degree. In fact It Ib due chlefl; 
to a study of the fossil forms that the present advanced state of the sub- 
ject has been reached. And It may be truly said, In this connection, 
that no group of writers has done so much In this Seld as the American 
students of ancient life who have bad occasion and good fortune to labor 
In the paleoxoic horizons of the Mississippi basin. Among these ob- 
servers none have carried on such an extensive series of investigations 
and have obtained snch marvelous results as Messrs. Charles Wachsmuth 
and Franic Springer, who have lately made another most valuable 
addition to a knowledge of the morphology of the crinolds. The results 
referred to are embodied in the memoir just Issued, which may be well 
regarded as one of the most Important contributions that has appeared 
since the days of J. S. Miller. 

The presentation treats chiefly of the structure of the ventral covering 
in the different groups of the crinolds ; of the plates between the rays ; 
and of the relations those hold to one another and to those of the tegu- 
ments. Hitherto It bad been supposed by some authors that the disk, 
or that part enclosing the visceral cavity, was, in many, II not ail, of the 
paleozoic crinolds covered by a second Integument, which was wanting 
In later and recent forms. As to the plates between the rays all writers 
have discriminated between "calyx" and "disk" Inter-radlals; the 
termer term tieing applied to the massive, well-farmed ossicles of the 
paleozoic crinolds ; the latter to the small irregular perisomic pieces of 
later species. The calyi lnt«r-radlals, except those of the Aplocrlnldss, 
were thought to be followed by a vault, the others by a disk. The 
Studies of Messrs. Wachsmuth and Springer led thorn to suspect that 
these assumptions were not altogether correct; and a careful Investiga- 
tion seemed to Indicate that all plates lying between the rays and their 
subdivisions are parts of the same element; and that therefore the so- 
called "vault," as a distinct structure, has no place In criDold morphol- 
ogy. It Is also shown that, In paleozoic times, the rigid integument such 
as Is found In the later Camarata gradually became evolved from the 
thinly plated disk of the earlier forms and that the heavy plates tietween 
the rays are exaggerated porlaomlc plates. Ily a comparison of the 
various Camarata It la found that during the Silurian the ventral surface 
in the 'majority of cases was composed of small Irregularly arranged 
pieces ; that these Increased In size during the Devonian ; and In the 
Carboniferous attained great prominence and rigidity, as Is best shown 
by the Batocrlnltes and Actinocrinltes. All stages of transition between 
the two extremes are readily traced. In regard to the ambulacra obser- 
vations show that these features may be tegminal or subtegmlnal, even 
among the forms of the same genus j and that they are more frequently 
exposed in the earlier crinolds. Among the latter the covering pieces 
are smaller, more regularly arranged and not so highly differentiated as 
In the later species. In this respect the resemblance to recent forms is 
very striking ; and except for the sutural union of the various plates 
and the closure of the mouth and food-grooves the conditions of the 
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pUteii JD the two groups would be nearlf Ideoclcftl, at least Id a large 
number ot cases. From a comparison of young and adult Individuals It 
Is further assumed that in the former the ambulacra are often eiipoaed 
□ear the margin of the t«gumen while In the latter they are entire- 
ly subtegminal. Thus the tegmlual ossicles encroach from each side 
of the ambulacra and Qnally close above them, crowding the ambu- 
lacral aheleton Inward. The so-called radial dome plates which were 
always regarded as true vault structures are shown to be merely greatly 
modified covering pieces. 

Other crinoldal groups are also taken up. In the FIstulata no vault 
Is recognized, but all tlie plates between the ambulacra and between the 
Todlals are considered as perisomlc. In most species the ventral sac is 
porous, wblle in others there is In front of the inflation a perforated 
plate like the medreporlte of the urchins. The Larvlformla which are 
now restricted to forms with the ventral surface made up of orals only, 
without any perisomlc pieces. From these observations the authors 
conclude "that there Is everywhere but one Integument covering the 
body; that the ventral pavement, although undergoing various mod tS- 
cations In geological times, Is a disk" and that all crlooids, recent and 
fossil, are constructed substantially on the same plan. All plates lying 
between the rays and also between the ambulacra are therefore to be 
considered as perisomlc pieces. 

The second part of Messrs. Wachsmuth and Springer's paper la de- 
voted to the anal plates of crlnolds; and Is to a large extent a reply to 
Mr. F. A. Bather's recent article, iu the Annals and Magazine of Natural 
History for April, 1800, on the origin and development of the anal 
plates of the FIstulata. This author regarded the FIstulata as having 
two distinct anal plates, the so-called "rodlanal" or azygous piece and 
the " brachlanal " or special anal plate. As to the former, the authors 
seem to be in accordance with the view that It Is the lower section ot the 
compound right posterior radial which In some groups performed anal 
functions. As to the second plate the two conceptions differ very essen- 
tially. Mr. Bather appears to think that the brachianal was primitively 
given oS from an axillary, as a plate morphological by correspoucling to 
an ordinary brachial, and thai in the course of Its geological development 
it changed its position and passed down from above, between the radlals, 
to the basals. This Is explained by an Increase In the width of the ven- 
tral tube In later forms, which caused a sinking of that organ into the 
dorsal cup; and by the shifting of the radlanal to one side from its 
position beneath the radial. Messrs. Wachsmuth and Springer under- 
take to prove that this theory Is based upon a misinterpretation of the 
functions of certain plates. They show that the right posterior radial of 
locrtniw, SetCTocrlniui and, Hyhocrinua is no more an a)clllary than the 
radial of an AcUnucrlniui, which on Its upper sloping lace supports an 
ordinary Inter-radlal. They assert that there Is no sinking ot the anal 
tube, nor a shifting of the radlanal, but that, in those forms In which 
a widening of the anal area has taken place, a new plate was Introduced 
18 
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betweeD the rodlalB, and that the radlanal does not change its position, 

but, when present, rests within the angle of two basals, thus show! og 
that the one Is radial, the other Inter-radial In position. This plate, 
which In locrlnvM lies upon the radials, and which, in PotertoCTiniM, la 
said to have passed down to the basaU, is a plate of the tube. 

AntiquitU* fTOfn under Tuolumne Table mountain In CaHfomki. By 
Oedboe F. Becker. Bulletin. G. S. A., vol. II, pp. 1B9-S00, with » 
plate, and one figure In the te\t; Feb. 30, 1891. If further evidence 
was needed, beyond that set forth by 'Whitney in "The Auriferous 
Gravels of the Sierra Kovada of California," to prove the occurrence of 
human remains and stone implements In the deep placer gravels of that 
state, underlying basaltic lava, the demonstration Is amply supplied in 
this paper. A mortar and pestle found by Mr. J. H. Neale, and a 
broken pestle found by the well known geologist, Mr. Clarence King, Id 
the gravel under the basalt of Table mountain, Tuolumne county, are 
here figured ; and their perfect regularity of outlines and their polished 
(neolithic) character seem very surprising, as showing the sicllt at- 
tained by man before the great extension of the Sierra Nevada glaciers, 
which followed the outpouring of the lavas. After the date of these 
Implements, the gravels were covered by the lava flows, displacing the 
streams, which have since cut caitons S,000 feet deep below the top of 
Table mountain. Mr. Becker believes that the Californian glaclatlon, 
subsequent to the basaltic lavas, was more recent than the glaclatlon of 
the northeastern states, ahd that certain Pliocene animals, whose re- 
mains occur In the same gravels, had survived to a late portion of the 
Pleistocene or Glacial period. In the same manner, the Equus fauna, 
formerly supposed to bo Pliocene, Is shown by Oilbertto have continued 
BO late as to be contemporaneous with the second rise of lalces Bonne- 
ville and Lahontan, which was probably coincident with the latest 
Sierra glaclatlon. 

a'ofes on tlie early Cretaceous of Caltfomla and Oregon. By Qkorob 
F. Beckeb. Bulletin, G. S. A., vol 11, pp. 301-308; Feb. SO, 1991. 
That part of the Shasta group which Is extensively represented In the 
Coast ranges of California, containing Aucella and a few other shells, 
has been supposed to be older than Its part which has been studied near 
Horsetown, In Shasta county, containing Ammonites and numerous 
Other fossils, but not Aucella. Beds recently discovered to bo fossllifcr- 
0U3 at Biddies, Douglas county, Oregon, combine these faunas; and 
they are also found together by Dr. O. M. Dawson In the Queen Char- 
lotte Islands. The Shasta beds In the Coast ranges and at Horsetown 
are therefore probably of the same age. which apiiears to be the Oault. 
With them arc also to be Included the Aucolla-bcaring strata of the 
gold belt In the Sierra Nevada. The original plication and upheaval of 
the rocks forming that range, once thought to have occurred at the end 
of Jurassic lime, are thus referred to the close of the Gault epoch In 
the Cretaceous period. 
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The Telatkm of semilrtr rode-di»tntegratlon to certain transitional 
cn/gtalllne fchtttg. By Raphael Pumpellt. Bulletin, Q. S. A., vol. il, 
pp. '30ft-S34, with four Druks in the text; Feb. 19, 1891. Pre-Cambriftn . 
decay of the granitoid gneiss forming the nucleus of Hoosac mountalu. 
Id western Massachusetts, U shown to have led to the formation of the 
overlying conglomerate and gneiss, laterally continuous into quartzlte 
in which Mr. Waicott has found Lower Cambrian trllobites. The depth 
of this ancient rock-decay was probably similar to that now found upon 
all areas of feldspathlc rocks In warm and moist regions, where^lbe sur- 
face has not been glaciated. During tho folding and raeiamorphism of 
the Cambrian strata of the Hoosac and Green mountains, there has often 
boeu produced an apparent transition and conformity with the Archiean 
gneisses and granites. The transition zone consisted below of > that 
part of the more or less disintegrated Archrean which escaped denuda- 
tion during the subsidence of Its land surface Into the Cambrian sea, 
and above comprised the basal Cambrian conglomerates and other detrl- 
tal beds formed by the erosion of the disintegrated rock. Llthologlc 
gradation and parallelism of lamination from Cambrian to Archtean are 
found In this zone. Analogous observations are cited from the Adlron- 
dacks, the southern Appalachians, and Iron mountain, Missouri. 

Tlie QeiitteUmic and Fhyelographlc Ocoloi/y of wcntem Arkannaa. By 
Arthur Wisei^w. Bulletin, G. S. A., vol. 11, pp. 3S.'>-243, with a map, 
and nine figures In the test ; Fob. 26, 1891. This paper gives a very 
Interesting general description of the stratigraphy and contour of » 
Carlxmlferous area lying on both sides of the Arkansas river and ex- 
tending from Ft. Smith 90 miles eastward. The greater part of tha 
district has a nearly horizontal stratification or only gentle flexures. 
South of these are steep flexures, overturned folds, and faults, running 
from east to west, which the author ascribes to the time of the Appa- 
lachian revolution and to "a trans-Mlsslsslppian extension of the same 
cause." Following Roade, this cause Is thought to bo the rise of the 
Isogeotherms In a mass of very thick sediments. The resulting expan- 
sion of their lower layers would find room by flexure and plication, with 
upheaval ; and during this process superficial erosion would expose 
steeply Inclined or compressed and inverted folds, the dips becoming 
steeper and the folds more appressed In proportion as the overlying 
weight diminished. 

Report upon Uie United Suites Oengraphlcal Survey* went of the one 
hundredth meridian. In ch^irge uf Capt. Gboroe M. Wiibelkr, under the 
direction of the chief of engineers, U, S. Army; vol, I, Geographical 
report, quarto, pp. 780. xsxvlil plates and three maps; War Depart- 
ment, Washington, 1B89. 

This report, though made under date of June 1, 1879, wlien It was 
snbstantiallj completed, was not offered for publication till 1887, "from 
press of other duties and subsequent prolonged Illness." Though it Is 
the first In tl^o series of seven volumes of Lieut. Wheeler's survey, It is 
the last to appear. Volume II, Astronomy and Barometric Hypsomotry, 
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was published in IBTT; vol. Ill, Geolog;, in 18TS, with a "supplement" 
volume la ISSl : vol. Iv, Paleontology, In 1877; vol. v. Zoology, In 1879; 
vol. v1, Botany, In 1878; and vol. vil, Archeology, tn 1879. It la need- 
less to say that this series of sclentlflc survey reports embraces a vast 
amount of valuable Intorniatlon, and of the series, vol. 1 stands In that 
r«spect, second to none of them. 

This is strictly a geographical volume — L e. It deilnes the ontllaes of 
the topcq^rapby, and illustrates It by several lithographic plates. The 
several expeditions of Capt. (then lieutenant) Wheeler, from IBSe to 
1B79, are reported In general terms, showing that the parties engaged 
In them must have been very industrious to be enabled to construct the 
atlas sheets and to give the mass of sclentlflc Information of the country 
embodied in the former reports and maps of this survey. These de- 
scriptions are followed by eight appendixes which occupy pp. 389-785. 
These give latitude, altitude and longitude of prominent points west ot 
the 100th meridian, description of the atlas sheets of the report, meth- 
ods of survey, notes on the survey and disposal of the public lands, and 
some considerations upon national government land and marine surveys. 
Appendix F contains a very valuable feature, being a "memoir upon the 
voyages, discoveries, explorations and surveys to and at the west coast 
of North America and Interior of the United States weatot the Missis- 
sippi river, between 1500 and 1S80, Including later bibliographical and 
other references to dotarmlned latitudes, longitudes, and altitudes avail- 
able for the basis of the permanent ofBclal topographic atlas of the 
United States." In this memoir are shown reproductions ot some old 
maps of North America, beginning with that of Benlncasa of the Island 
of AntUla, in 1463. It also shows that even as late as 17S3 California 
{i. e. Lower California) was considered an islsJid in the Pacific ocean. 
Its northern portion being called "New Albion." Following this is an 
npltjime ot the memoir prepared by Gen. G. K. Warren, of all the es- 
plorations In the western portion of the Untied States, in 1B5T. The 
memoir Id foil Is found in the PaclHc Railroad Keports, The volume 
closes with a more full description ot all later explorations by the Oov- 
ernment west of the Mississippi river between 1857 and 1880, by Capt. 
"Wheeler, being a compend of great value for all students of the pro- 
gressive discovery and development of that part of North America. 
The last appendix embraces an account of the survey Itself, giving its 
organization, administration, function, history and cost. 

Elements oj Qenhigy. By Joseph LeCostb. Revised and enlarged, 
with new plates and illustrations, pp. 840. (New York: D. Appleton 
& Co., 18U1.) This third edition of a widely used te\t-book will bo wel- 
comed by multitudes of teachers and students. Within the eight and a 
half years since Us previous revision, the science has made rapid prog- 
ress, both In the accumulation of new observations, and In their theo- 
retic co-ordination. Many portions ot the book have received Important 
additions or have been re-wrltton, including those which treat of the 
geologic work and history of rivers; the phenomena ot earthquakes; 
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theories of CQTa.\ reefs; geologic csuses of the present distribution of 
anim&ls and plants ; mineral veins, faults, and mountalD-bnlldinK; De- 
vonian Hshes, and Carboniferous conifers ; the origin of birds and mam- 
mals ; the Potomac, Comanche, and Laramlo series ; the Tertiary mam- 
malian fauna of America ; evidences of coDtlnental elevation during 
the Quaternary era, regarded aa the probable cause of the glacial 
climate ; the Quaternary upheaval of the Sierra Nevada and Qreat 
Basin ranges; terminal moraines and Ice-dammed lakes; and the most 
recent discoveries of human remains and Implements, both In Europe 
and on this continent. 

A Uutwordwltk the HuronUm. By Alexasdbb Winoubll. Bulle- 
tin of the Geological Society of America, vol. 11, pp. 35-134, with a map 
and three figures In the t«xt ; Feb. 5, 1801. Only two weeks before the 
death of Its distinguished author, this brochure was Issued ; and in the 
March number of the OeoLooisi ( p. 199 ) his discussion of tbe progress 
of opinions held by American geologists concerning the Taconic and 
Archcean rocks was noticed. Little did Dr. Wlnchell expect that liter- 
all; this essay would be his last utternnce In the science which he had 
done so much to advance 1 He was looking forward to the preparation 
of an elaborate treatise oq the ancient metamorphlc rocks of the North- 
west, toward which these recent publications were as stopping-stones. 
The diverse uses of tbe name Huronlan by Murray, Logan, Hunt, Irving 
and others, are stated, with comparisons of the areas where rocks re- 
ferred to this syst«m are developed north of lake Huron and about lake 
Superior ; and tbe author adds notes of his personal observations In the 
vicinity of Echo lake, IS miles east of Sault St. Marie. It Is advocated 
that the name Huronlan be retained for the q.uartzlt«s, schists, and 
slate conglomerate, to which It was originally applied, unless it should 
be superseded by Toconlc as an earlier synonymous name; but that a 
lower series of schists, conglomerates, and slai«s, to which the nam^ 
Huronlan has been extended, be. distinguished as the Kewatlan syst«m, 
following Lawson'a classification, Which is based on explorations about 
the Lake of the Woods. 

The Nickel and Copper deposits of Sudbaty district, Canada. By 
BoBERT Beu.. with an appendix on The sliclfted glatt-brecda of Ver- 
mXlUyn. river, Sudhiiry dlstrtot, by Georob H. Williaus. Bulletin, O. S. 
A., vol. ii, pp. 134-140, with four figures in the text ; Feb. 5, isei. The 
recently discovered ores In tbe region about Sudbury, a statlou of the 
Canadian Pacific railway north of lahn Huron, are in all cases a mixture 
chalcopyrlte and nkkellferous pyrrhotlte. They are found upon a tract 
about TO miles long from southwest to northeast, with a maximum width 
of about 50 miles, occurring principally along fault-planes of dlorlte as a 
matrix of Igneous Injection between Its brecclated fragments. Nickel l9 
confined to the pyrrhotlte. In which It Is usually present In the proportion 
of from 1 to 5 per cent. A remarkable volcanic glass-breccia of great 
thickness and extent, whose structure has been perfectly preserved by 
slllclficatlon. Is closely associated with the dlorlte. 
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The Overthnut Faultt of the touOiem Appalachlaiu. By C. Willabd 
Hates. BulleUn, O. S. A., vol. li, pp. 141-1S4, with map And sections; 
Feb. 9. 1B91. Two thrust faults, pftrtl; coincident wltb pl&nes ol strati- 
fication, are traced In the moderately bent or folded strata of the great 
Appalachian valley In northwestern Georgia and adjacent portions of 
Alabama and Tennessee, receiving names from Rome anil Cartersvllle, 
Georgia. The Eomc fault la known to extend at least 275 miles, from 
Gadsden, Alabama, northeast and north Into Virginia. In the vicinity 
of Borne the eitont of its overthrast Is at least 4 miles, and may be 6 or 
7 miles. The Cartersvllle fault or thrust-plane has an luclinatlon 
frequently so low as 5°, and rarely more than 25°. Its maximum hori- 
zontal displacement appears to be not less than 11 miles, equalling that 
of the thrust-planes studied out by Peach and Home In the highlands 
of northwestern Scotland. Other overthrual faults are mentioned as 
mapped out by Keith a few miles northeast of Knoxvllle, Tennessee, 
and by Walcott in the Taconlc region of New York. Among the condi- 
tions on which the production of thrust faults depends, the most lrai>ort- 
ant Is shown by Mr. Hayes to be the relation of the rigidity of the 
strata to the superincumtfont load ; and be concludes that probably the 
strata bad been ftilded and partially eroded before the time of their 
faulting. In the discussion of this paper. Prof. W, M. Bavls suggests 
that the faults may have been of post-TrlassIc date, long after the 
Appalachian folding which took place at the close of the Carboniferous 
period. Bo would attribute the lateral compression producing these 
overthrusts U> the same date and causes as the monoclinal tilting and 
faulting of the Trlasslc beds of Pennsylvania, New Jersey, and the 
Connecticut valley. 

The structure of Hie Bine Ridge near Harper'g Ferry. By H. E. 
Gkioeb and Ahthur Keith. Bulletin, G. S. A., vol. II, pp. lS9-Ifl4, 
with map and sections ; Fi-b. 11, 1S91. Ten sections are presented, of 
which nine cross the Blue Ridgo and South mountain within about ten 
miles north and south of Harper's Ferry, and one acrosses the Catoctin 
mountain about ten miles east uf the Blue Ridge. The authors refer 
the sandstone here forming generally the highest part of tbc Blue Ridge 
and of the South and Catoctin mountains to the Silurian system, and 
they regard the structure of these ranges as synclinal, mainly In open 
normal folds, with the descending order of Che strata as follows : the 
Massanutten sandstone, believed by VV, B. Rogers to be the lowest of 
the series and to owe Its position to the overturning of anticlinal folds ; 
the Martiusburg shale ; the Shenandoah limestone, known by Its fossils 
to be of Chazy-Calciferous age ; the Cawictln epidotic schist ; and gran- 
ite. Fossils have been found only in the limestone. 

Note on the geologlatl slriwiure nf the Selkirk ra-nge. By GEOBae 
M, Dawson. Bulletin, G. S. A., pp. iOS-iTfl, with a sei'tion ; Feb. 12, 
1891. iileeking to connect a region which has been somewhat thor- 
oughly studied in the Interior of Urlllsli Columbia, with the section sur- 
veyed by McCounell across the Rocky mountains proper, or the most 
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eastom ranges of the complex Cordflleran belt, Dr. Dswbod haa care- 
fully examined the section along the Canadian Pacific railway in Us 
passage through the Interveulng Selkirk mountains. In descending 
stratlgraphic order, and In geographic sequence From east to west, the 
roclfa are quartzltes, argililtea, llmestoue, and schists, provisionally re- 
garded as Silurian and correlated with the Halysltes beds and graphto- 
llte-bearing shales of McConnell's section ; gray schists, quartzitea, con- 
glomerate, and arglUltes, regarded aa Cambro-Sllurlan and Cambrian, 
having a thickness of 35,000 feet In the Selkirk range, from which they 
are denominated the Selkirk aerlea, probably equivalent to McConnell's 
Castle moimtain group and the upper part of his Bow Hiver aeries; 
blackish arglllite schists and phyllltes, with some limestone and quarts 
(te, about 15,000 feet, named Nisconllth series in British Columbia; and 
gray gnelasic rocks and coarse mica achiats, forming the Shuswap series 
of the Arcbtean age. The Selkirk and Nisconlith series are conforma- 
ble and comprise a total thickness of 40,000 feet of strata which the au- 
thor refers to the Cambrian system, not Bnding reason tor distinguish- 
ing the lower portion by the name Algonklan adopted by Wallcott. 
Formations above the Silurian, ranging from the Devonian to the Creta- 
ceous, which enter Into the composition of the neighboring parts of the 
Kocky mountains, are nowhere seen In this section of the Selklrka. 

QraphAc fielA note* for aT€al geology. By Bailkt Willib. Bulletin, 
G. S. A., vol. 11, pp. 1TT-1S8, with one plate; Feb. IB, 1891, Methods 
of Geld observation and record employed by the U. S. Geological Survey 
in the Appalachian mountain region are here described. Plata suffi- 
ciently accurate to bo used in preparing maps tor publication are made 
on pages of the note-book, from measurements of distances by pacing, 
with determination of bearings by a hand compass ; but when It can be 
conveniently carried, a traverse plane-table is used, \,\a plats being 
then on sheets of drawing paper. These graphic methods are found to 
be far more serviceable than verbal notes for the greater part of the In- 
formation to be recorded, and they tend to make keen observers. 

AnnuaX Report of the Oeolooloal Survey of Arfcansoe, for 1889. Johs 
C. Brannbr, State Oeologitt, vol. il. The OeoUigy of CTowtey'g Ridge, 
By R. Ellswobth Call, Little Bock, 1891, pp. S83. Eleven plates and 
a geological map of the western portion of St. Francis county, and a 
map of Crowley's ridge showing the flooded plains of adjacent Streams. 

The description of the aectlons and of the topography and local 
geology of the ridge Is by Prof. Call, who also has " notes on the trees 
of the ridge" and a description of a new pelecypod moilusk from the 
Tertiary {Mytllus haniatoldes). 

Prof. R. D. Salisbury contributes a chapter on "the relationship of 
the Pleistocene to the Pre-plelstocene formations of Crowley's ridge and 
adjacent areas south of the limit of glaclatlon ; " and F. H. Knowlton 
describes " unfortunately " (as he nays) four new species ot toasil wood 
found by Prof, Call In his exploration of the region. 
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The chief general Interest of the volume centers in Prof. Sallsbnry's 
dIscusgioD of the age of the strata of the ridge. The ridge Itself 13 one 
of those remnants from erosion left bf the Hlaslsslppl river which are 
found frequently along the course of the valle? <n Its non-glaciated por- 
tions. It extends from near Cape Girardeau, In Missouri, to Helena, In 
Arkansas, mailing, in Its central portions, a broadl; crescentic bend to- 
ward the nest. 

Prof. Salisbury regards the superficial loess and loam mantle of the 
ridge as referable cl early t« the Pleistocene, "and under the Pleistocene 
to the first glacial epoch," and he la of the opinion that the second 
glacial epoch has no representative in the ridge. The river- terraces that 
characterize that epoch by beading In Its terminal moraines pasa below 
the alluvium of the Mississippi before reaching the latitude of Crowley'a 
ridge. The most southern point at which such have been recognized In 
the Mississippi valley, being a short distance above Cape Glrardeaa, 
where a remnant exists In a tributary valley. 

The gravels and sanda of Crowley's ridge are unconformable below 
the loess, and are frequently separated from the loeas by a layer that ex- 
hibits a characteristic humus, showing the Interposition of an epoch of 
subaerlal exposure. This humus bed he considers the dividing line be- 
tween the Pleistocene and Pre-plelstocene. The gravel and sand of the 
body of the ridge therefore he regards as not of glacial origin — and this 
conclusion he extends to targe areas in western Tennesaee and Ken- 
tucky and In southern Illinois, and In eastern Missouri where such 
gravels and sands extend, and where they have sometimes been reported 
as of glacial origin. This Important conclusion Is well snstalned by the 
handling of the facts and can hardly be questioned. The paper points 
to a delimitation of the Pleistocene from any underlying older but sim- 
ilar formation, and mentions the characters by which the distinction 
may be made bv any geologist, and therein It adds an Important advance 
step to our knowledge of the Pleistocene. 
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TransacMoni Merlden Scl. Ass., Vo). IV, 1860-1890 contains; Some 
geological features of Merlden, J. H. Chapln; Cycodlnocorpus Chaplnii, 
J. H. Chapln. 

Journal Gin. Soc. Nat. Hist., Jan. 1891 contains; New and little 
known American Ostracoda, E. 0. Ulrich; The Oenus SpbeiiophyllQni, 
J. S. Newberry. 

3. Papers in SiHenLlfic Journals. 

Am. Jour. Set. Jan. No. Deformation of the Algonquin heach and 
blnh ot lake Huron, J. W. Spencer ; Clinton oOlltlc Iron ores, Aug. F. 
Foerste; Review ot the QuaUrnary era, with special reference to the 
deposits of flooded rivers, Warren Upham ; Some remarkably developed 
calclte crystals, L. V. Plrsson ; Horned artlodoctyle from the Miocene, 
O. C. Marsh. FOt. No. Columblte and tantallte from the Black hills of 
S. Dakota, W. P. Headden ; Notes on the geology ot the Florida phos- 
phate deposits, N. B. Darton ; Record ot a deep well at lake Worth, 
southern Florida, N. H. Darton ; Chemical composition of aurlcalclie, 
S. L. PenQeld ; Attempt to harmonize some apparently conflicting views 
of lake Superior stratigraphy, C. B. Van Hlse ; Powelllte — calcium 
molybdate, a new mineral species, W. H. Melville ; Gigantic Cerat- 
opsldffi or horned dinosaurs ot North America, 0. C. Marsh, STarcft 
No. Gold colored allotrophlc silver, M. Carey Lea ; The flora ot the 
Great Falls coal Held, Montana, J. S.Newberry; High-level shores In 
the region of the Great Lakes, and their deformatlou, J. W. Spencer; 
Notes on ferro-goslarlte, a new variety of zinc-sulphate, H. A. Wheeler ; 
Composition ot polluclte and Its occurence at Hebron, Maine, H. L. 
Wells ; The flre-bale In Raphael's Madonna dl Follgno, H. A. Newton. 

School ot Mines Quarterly, Jan, 1891, contains : The Treatment of 
copper states at Mansteldt, T. E^leslon; Examination ot Mines, H. S. 
Munroe ; Notes on the Coal-FIelds of Montana, W. H. Weed ; Methods 
or Modern Petrography, H. Heosoldt; The Operations of the U. S. 
Geological Survey, H. M. Wilson. 

4. Excerpt* and Individual PvblieaUont. 

The lake Michigan glacier and glacial channels across the Chicago di- 
vide, by Ossian Guthrie. Geol. Society of Chicago. Oct. 30, 1890. 

On certain magnetic rocks ot Arizona and California, Heury Q. 
Hanks. San Francisco Microscopical Society. Nov. 19, 1890. 
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S Foreign, PvhUeaaona. 

Mitthell. Ewnlg. Mlner-geol. u. preehlst. Mus. In Dresden, 1890. 
Contains : ' Ueber einlge Lycopodlaceen aus der Steinkoblen formation ; 
Die Graptolltben des E. mlneraloglscben Museums In Dresden ; dref 
Tafeln. H. B. GelnlU. 

Contributions to a catalogae of reports and papers on tbe antbropol- 
«g7, ethnology, and geological history ol tbe Australian and TasmanUn 
aborigines. Part I. E, Etherldge Jr. Mem. Geol. Sur. New South Wales. 
Paleontology, TSo. 8. quarto, pp. 31. Sidney. 1890. 

NacbtrSglicbe Mlttheltungen Dber die rotbeu and banten Mergel der 
oberen Dyas bel Manchester. Dr. H. B. Gelnltz. Isis In Dresden. 
' 1889. III. S. 4S. 

Ueber einlge Eruptlvgestelne In der Provlni Sao Pftnio In Brasllien, 
H. B. U<>lnltz. Isia In Dresden. 1889. 

Verband. d. Ges. t. Brdkunde zu Berlin. Bftnd xvll. No. 8 u. 9, con- 
tains : L'eberdleGcographledesTana-Clebletes,DT. Karl Peters; Uetier 
seine Durcbquerung GrOnlands, Dr. Frid. Nansen. Band xvlll ; Belsen 
In den Eordllleren der argentlnischen BepubllW, Dr. Lud. Brocke- 
busch ; Ueber das nOrdliche Deutcli-Ostafrlka. Dr. 0. Baumann. 

Zeit d. Ges. f. Erd. Berlin, Bd. 25. v Heft, 1890, contains : Berlctat 
Dber eine Reise durcb Nord-und MIttel-Grlec hen land, Dr. AH. Phi I Up- 
son. Band 2S. No. 1, 1891. Das Pandschab, Dr. E. Jang; Besuch des 
EInkoDl-Gebletes in West Madagasbar, Dr. A. Voeltzkow. 

MIttheM. aus d. mineral. Inatltut Univ. Kiel. Bd. I. H. 3. contains; 
Ueber zvel Brachyuren aus dem mittelollgoceen Septarienthon Nord- 
deutschlands, E. Stolly ; Zur Dlluvialfrage, P. M. Stapfl. EIn AusHug 
In's Erzgeblrge, E. Danzle. 

Verband. d. nat. hist. Ver. (Bertkau), Bonn. 1889, iwelte HRIfte, con- 
tains : Ueber die Verwandachatt der syrlschen FIschschlchten mit denen 
der oberen Krelde Westtalens, W. von Marck ; Heinrlcb von Dechen 
Bin lebensbild (portrSt), H. Laspeyres.— 18B0, erste H., Ueber die Gold- 
felden SDdalrlkas, A. Schenck ; Die palteozolschen Verstelnerungen der 
reusiblrlachen Insel Kotelny, E. v. Toll RauR. 



COREESPOJS'DENOE. 



Pbof. W. M. Davis on the iBOt^uois Be&CH. — J will again call Prof. 
Davis' attention to the Algonquin beach. Tbe map of tt appears In 
the Jan. No. of the Am. Jour. Sc. It does not embrace the waters ot 
the Erie Basin, nor approach the Maumee- Wabash passage. In reply 
to Prof. Davis' considerations ; 

1. The close crin-c»pondence o] Wi« Iroguofs Shore lines wfHi Hie MoJKiwih 
vullei/ .' I Include In the Iroqoula beach a series of beacblets having a 
vertical range of 3S feet, and towards tbe northeast of considerably 
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more. Only the waters correspondiaK to the upper part of the series 
had egress bf the Mohawk valley. The lower waters had to Bnd an 
outlet by some other channel. The Mohawb outlet did not accomplish 
all that was needed, if It were the solo outlet of Iroquois water. 

3. A demand for corretpondlnQ ghnre lineg on the outlet side of the 
MohawK valley : Asalready clearly shown, beaches areoften wanting. But 
the failure In recording thorn is no proof, lor the region has not been 
sufBclently explored. The warping and erosion have so deformed the 
brohon shore lines that the casual observer may not Identify them. 

3. The former erpanded condllUm, of the Mohawk river : This Is favor- 
able to my hypothesis, but as the outlet of the Iroquois water, only the 
depth of a few feet above Its floor corresponds to the upper stages of 
the Iroquois beach. Hence the objection Is not welt taken, 

4. TTie correspondence of deserted shore lines with other outlet* ; The 
higher beaches enclosed bodies which had more than one outlet; and as 
we rise still higher, such bodies of water had egress by many outlets 
which It seems to me were straits. 

Can any one comprehend a river as large as the St. Lawrence flowing 
through an Ice dam, from a lake held above sea by a glacier, after the 
waters had fallen Just below the level of the Mohawk valley, without 
dissolving away the barrier? J. W. Spekceb. 

Feb. 7th, 1891. 

Thb Ihtebmational Conoress of Geologistb. The usual circulars 
have been sent to all geological societies and, prominent geologists In 
this and In foreign countries. It may happen that In spite of our en- 
deavors to reach all who are Interested In the labors of the Congress, 
some circulars may not have reached the persons to whom they were ad- 
dressed, or some names may have been Inadvertently omitted from our 
lists that should have been Included. May I request that you will 
kindly inform your readers that, if any geologist who may be desirous of 
taking part In the Congress or of receiving its publications, which will 
probably Include many valuable geological papers, will send his name to 
the Secretary {1330 "F" street, Washington, D. C.) It will be put upon 
the list and he will receive the invitation to become a member of the Con- 
gress. The small fee for membership is for this Congress only, and In- 
tended to defray the cost of printing and other necessary expenses. It 
Is customary for geologists of the country where the Congress is held to 
subscribe even If they cannot be present at the Congress. 

S. F. Emmoks, Sec'y and Act'g Treoa. 

Washington, D. C, Feb. 25, 1831, 

Impobtant Kesultb of The Tesas Survey: A few note? in regord 
to the results of this survey during the past year may be of Interest. 

In the eastern part of the state some thorough work has been done In 
mapping and studying the deposits of Iron ores and the accompanying 
Tertiary and Quaternary strata. The results give much light on the 
historical geology of these periods and develop the economic fact that 
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we have more than one thousand square miles of iron ore deposits In 
this area. 

The iDvestlgatlons in regard to the uses of llgolte show that the de- 
posits of east Texas are ol better quatltf thRo those now Id use la 
Europe for most purposes for which bituminous coals are used, and the 
posslbillt; of their use for fuel, for the smelting of the iron ores and 
other Industrial purposes. 

In north Texas the results of Prof, Cummins' worli have proven very 
Important, The much discussed question of Permian-Trlasslc has prob- 
ably been fully explained by the discovery that we have In Texas, rest- 
ing directly upon the Carboniferous, a sorles of Permian rocks, which ' 
In the upper members carry great beds of gypsum, and that only these 
upper memttere extend north of the Wichita mountains In the Indian 
Territory ; that in Texas the conglomerate corresponding to the Shin* 
aramp of the West is found overlying these Upper Permian beds uncon- 
formabty ; and that the Red Beds above this correspond to the Red Beds 
of the West and are entirely distinct from those below that horizon. 
The proof here is quite conclusive, as we have not only direct strati- 
graphic, but also the very best paleontologic evidence of the age of all 
these beds. 

Along the eastern edge ot the Staked Plains, north of the Brazos 
river, the Triasslc strata are overlaid conformably by beds of Tertiary 
age. 

In central Texas, Dr. Comstock, by his second year's Seld work, fully 
confirms and extends the results of last year as already published. On 
December 3d, 1890, we announced the finding of casslterlte In thia 
region by Dr. Comstock. Its mode of occarrence has been very accur- 
ately ascertained and it Is reasonable to expect Its discovery at any 
point where certain Burnetan rocks are exposed, over a belt extending' 
from near Burnet to near Mason. Our samples have come from eastern 
Llanocounty, and eastern Mason county, and are Invariably from quartz 
of the oldest Archnan ( Burnetan ) system, as defined in the first annual 
report ot this survey. 

We have not yet discovered deposits of known workable extent and 
the announcement was made for the purpose of encouraging the neces- 
sary prospecting to fully determine the value of the deposits. 

Large amounts of minerals containing some ot the rarer elements 
have been found In this region ; enough tor commercial purposes as 
soon as any economic use Is found for them. 

In western Texas a detailed study has been made by Prof. Streeru- 
wltz of the geology of a portion of EI Paso county, Including the Quit- 
man, Sierra Btanca, and oiher mountain ranges. Very much has been 
done toward a clearer understanding of the structure and stratlgraphtc 
relations of the various granites, porphyries, quartiltes, marbles, etc. 

In the Cretaceous of this region, the section develops tacts of such 
scientific Importance as the absence of the alternating beds, and a 
much greater development of the beds of the Washita division than hkS 
hitherto been given the entire Cretaceous of central Texas, 
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In economic r«Bu1ts the existence of extensive deposits of free ftold 
and ol gold and silver-bearing le^d, copper and xliic ores has been 
fully demoDBtrftted. As In the central district, deposits of minerals 
containing the rare metals are abundaat and many new minerals are 
under examination. 

On the 13th of January, we announced the finding of platinum and 
tin by Prof. W. H. Streeruwltz, in the Quitman mountains, El Paso 
county, and while It is not possible, at this time, to make a positive 
statement regarding the quantity In which these metals are likely to be 
found In this district, the fact that their presence has been thus defi- 
nitely det«rminod should prove an additional Incentive to active prospect- 
ing In this region, concerning which we have already made such strong 
statements In the publlcatloua of the survey. 

The second annual report Is now In the hands of the printer and It 
will be Issued at an early date. Yours very truly, 

E. T, DiTMBLE, SUte Geologist. 

A.U»tin, MaTth Sih, 18»t. 



PERSONAL AND SCIENTIFIC NEWS. 



Th£ Leoiblatuke of the State of Alabama hae placed the 
appropriation for the Geological Survey at |7,500 a year, and 
made it coutinuous, i. e. till otherwise provided by act of the 
Qeneral Assembly. This puts the survey on a very desirable 
footing as to permanence. The printing, engraving and all pub- 
lication come out of another fund, the above-named appropri- 
ation being for salaries, and field and office work and general 
expenses. Prof. Smith proceeds at once to the more detailed 
examination and mapping of the Warrior and Coosa coal fields. 

Governor James P. Eagle, of Arkansas, sketches the im- 
portant features of the work done by the Geological Surrey, and 
also enumerates that which remains yet to be done. The annual ap- 
propriation has been 5,000 dollars per year. He thinks that sum 
is too small and instances Texas which appropriates 35,000 dollars 
per year for field work, Alabama which has given 95,000 per 
year since 1882, Illinois whicli expended $139,700 in fouryears, 
Indiana which has annually paid 95,000 since 18G!t, the Iowa 
survey which had 9(),5()0 annually, Michigan, which spent 
$91,000 in four years, Wisconsin 9149,000 in six years, Ohio 
which spent 97, TS8 a year in field and office work, Pennsylvania 
which has spent nearly a million and a quarter in eleven years, 
and New York which has spent nearly two millions of dollars on 
its geological survey. These figures show that the Arkansas sur- 
vey, in the judgment of Gov. Eagle, has been conducted economi- 
cally. "When we compare the expense of the suney with the 
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work accomplished aad the results that must eventually flow from 
It, I feel that there has beeu do wiser action of the Legislature, of 
late years, than the inauguration of this important piece of work, 
and I feel warranted in urging that it be finished in a proper man- 
ner, espiecially as it is now so nearly done, " 

Prof. Craoin is enoauf.d is the preparation of an illus- 
trated work on the geolt^y of Kansas. It will comprise a strati- 
graphic and general section, a section on economic geologj-, and 
one on physical geography, in the first of which palfeontolog^' will 
be made prominent. It will include, as special features, a geolog- 
ical gazatteer of Kansas and list of elevations, much fuller than that 
of Kansas in Macfarlane's Geological Railway Guide, a catalogue 
of Kansas fossils, and a biblit^raphy of Kansas geology. The 
section on physical geography will include faunal and fioral lists 
(including invertebrates and cryptogams}, and a chapter on the 
climate of Kansas, the latter written especially for the work by 
Sei^ T. B. Jennings of the Kansas weather service. The work 
will probably be issued early in 1802. 

The backbone of the Costinest within the boundary of the 
United States, or the watershed between the Interior and the Pa- 
cific (approximately 1,850 miles long), consists of a nunrber of 
distinct ranges separated by noticeable passes easily approached 
from the eastward or westward, and to which the appellation 
"Rocky mountains" has been given. This name fades away as 
the true condition of its topography becomes known from actual 
survej's, and each of the several ranges claims a title. Geo. 
M. Whee.hT. 

Biennial report of the Misbodbi Survev is an administra- 
tive report of 63 pages, in which is included a short historical 
sketch of past geological work in the state, & description of the 
progress of the work of this survey and a statement of the plans 
for the future ; it will prove of value for purposes of reference. 

The Geological Survet of Missouri, under the management 
of Prof. Arthur Winslow has made rapid and substantial progress, 
and it promises to be one of the most important and successful of 
the state surveys. It has issued, within the past year four valua-. 
ble bulletjns viz. : Bui. No. 1 containing, besides the administra- 
tive report of the state geologist, reports on the coal beds of La- 
fayette county, building. stones and clays, and mineral waters, and 
a preliminary catalogue of the fossils occurring in ^lissouri. 
Bui. iVo. 2. A biblif^raphy of the Geology of Missouri. Bui. 
No. 3. Clay, stone, lime and sand industries of St Louis ; The 
mineral waters of Henry, St. Clair, Johnson and Benton counties. 
Bal. No. 4- A description of some Lower Carboniferous crinoids 
from Missouri. 

The state Legislature is now considering favorably a proposed 
enlargement of the appropriation for its maintenance, the sum 
named being 140,000 per year; this being double the original ap- 
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propriatioB. With the facUitJes which this will afford tbe survey 
will attain a degree of efflcieacy which cannot fail to bring great 
and lasting benefits to the state. We fear, however, the suney 
may encounter the stumbling-block which bo many others have 
found fatal. From such large annual appropriations there have 
come generally revulsions which have swept away not only the 
present and future but all the accumulated post results. A mod- 
erate or even a small annual fund is in the end productive of 
larger and more substantial resultfi than the large appropriations 
which come from spaBmodic efforts, and are apt to cease before 
their plans are wrought out to completion. 

The ooversment investigation of artesian coshitions be- 
tween the 97th meridian and the Rocky mountains — Senate Docu- 
ment No. 222, containing the Report of the Preliminary Recon- 
noissance of the Artesian Investigation — has just been published. 
The volume contains 382 octavo pages with numerous maps, 
plates, and pictures illustrating the geology and occurrence of ar- 
tesian water. 

The reports of the numerous geologtsts, engineers and field 
agents contain a mass of information upon the subject treated 
such as has never before been presented in this country, and of 
such a nature as to render the report one of the most practical 
and valuable contributions to Noi-th American scientific literature. 
How such an immense amount of data could have been collected 
in a period of a few months can only be explained by the fact 
that Col. Rich. T. Hinton, the special agent in charge, has dis- 
played rare administrative ability, for utilizing and collecting the 
knowledge already possessed by our western geolt^ists, as well 
as pushing investigation with great rapidity and good taste. 

Prof. David S. Jordas, president of the Indiana State 
TNiVERSiTY, has accepted the presidency of the Leiand Stanford 
universityof California. It is a pleasure to record the growing pref- 
erence of the higher institutions of learning for soience-bret) men 
for their chief administrators. It is to be hoped that Indiana 
State university will not now fall from the ranks, but will be able 
to fill president Jordan's [riace with some other scientist The ap- 
pointment of Pres. Jordan will result in the building up of a 
great institution on the Pacific coast in which there will be no 
cramped opportunities for the scientific men who may be chosen as 
his colleagues and aids. 

Mr. R. D. Oldham disclsses (in the Geol. Mag. for January-) 
the origin of the Himalayas, showing that the range did not exist 
in pre-Tertiary times and has been developed from S, K. to N, W. 
The area of elevation forming this now loftiest range on earth, co- 
existed with an area of depression to the south of it and these two 
have become more and more marked as Tertiary time has gone by. 
' ' In Eocene time the N. W. Himalayas did not exist. In Sewalik- 
Fliocene times there was a mountain range whose hydrography 
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agreed with that of the present day in its main features, but must 
have been comparable in elevation and extent to the present 
Himalayas. " 

A.MONa THE REVIEWS WE FIND A SEVERE CRITICISM of Mf. Mil- 
ler's recent articles in the American Geqlooist on N. American 
crinoids. After making a considerable extract introduced by some 
sarcastic remarks, the author concludes thus : 

" For the rest of this amusing and exciting article we will refer 
our readers to the article where they will find a lucidity of expo- 
sition, au accuracy of aigument and a courtesy in debate that re- 
mind one of the Society upon the Stanislaus." "The journals in 
which we publish maybe 'conduits of ignorance and conceit,' we 
are ' illiterate, ' < reckless of symmetr}', ' ' shallow pretenders, ' 
'venting stupid hypotheses,' in our 'unenlightened affectation.' 
We make our ' usually poor English more incomprehensible ' by 
■snatehes from German authors' and yet 'overgrown with ignorance, 
assumption and conceit' as we are, we humbly confess that on this 
side of the Atlantic we have never produced anything that would, 
for sweet reasonableness and smoothness of persuasion, stand a 
moment's comparison with the gentlemanly polemics of Mr. S. A. 
Miller, of Cincinnati, 0." 

Orioin of the WORD BRONZE. Fiom an examination of texts 
due to the Greek alchemists, extracted from a document of the 
16th century, Mr. Berthelot came to the conclusion, especially af- 
ter comparing them with certain passages in Pliny the elder, that 
the name of bronze was derived Ax>m the city of Brundusium, the 
seat of certain manufactures in which this alloy was employed. 
Now, Mr. Berthelot has found a text that is more ancient by three 
centuries {for it dates back to the time of Charlemagne), and the 
indications of which are still more decisive. It is a question of a 
manuscript found in the library of the chapter of the Canons of 
Luynes, and reproduced by Mf.ratori in his Antiquitatet Italite. In 
the Latin text it is expressly specified as " Composition of Brin- 
disi : " Copper two part, lead one part, tin one part — a traditional 
formula that has come down to our time. It would, then, seem 
indeed as if the word bronze was deriv^ from the city of Brindisi, 
where bronze was manufactured on a large scale. — La Genie Civil. 
Aluminum at $1.25 per pound is in the market. A price list 
sent out to the trade by the Cowles Electric Smelting and Alu- 
minum Co., of Lockport, N. Y., gives the following figures: In 
loto of more than 2,000 lbs., 11.25 per lb., less 20 per cent, dis- 
count, and in 1,500 lb., 1,000 lb. and 500 lb. lots, *1.25 per lb., 
with 15, 10, and 5 per cent discount. In 50 to 500 lbs. the 
price is ¥1.25 net; 10 to 50 lbs,, ;fl.50; and less than 10 lbs., 
il.75 per pound. 
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A CHART OF THE RUGOSE CORALS. 

WiLii H. Bhbrzbb. Ann Arbor. Hlcli. 
For the student ^ho endeavors to acquire aaything more than a 
superflcial knowledge of a few of the more common genera of 
Paleeozoie corals, there await disapjKiintment, disco uragement and 
not infrequently entire diegnst. Well equipped with specimens 
though he may be, he is of necessity dependent upon the literature 
for description and classification. What with incompleteness, in- 
accuracies, contradictions and synonymy this literature oft«n proves 
more puzzling than the fossils themselves, and may lead to its 
'abandonment for more inviting fields of labor. We will suppose 
that our student has mastered, as he imagines, the generic charac- 
teristics of Amplexnt, ZapliTenlis SiBd Cyathophyllum^ and finds in 
bis hands for study specimens of our well known Streptela»nia 
comiculiim. He examines them externally, appreciates the appro- 
priateness of the specific name, notices the heavy epitheca, the 
pinnate arrangement of the costse and the characters-of the calyx, 
tie next makes cross aud longitudinal sections and observes the 
character of the tabulie, the at)Bencc of dissepiments aud the pe- 
culiar central core. He desires now to know juat how the genus 
is to be distinguished from all others, and naturally hunts up the 
original descriptioD. A form like Cyathopbyllum but distinguished 
by the spiral twisting together of the septa at the center. In an 
evil moment, however, for his peace of mind, he learns that there 
is not entire agreement among palaeontologist* in regard to the 
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cbaracterietjcs of the genus or its being a genus at all. He 
finds that it is simply a. iorm of Petraia, the peculiarity of which 
is stated to be the absence of tahtUee and dissepimenta. Re-exam- 
ining his sections he is certain that tabulie are present He next 
finds that it is properly separated as a genus, but that tJie distin- 
gnishing characteristic is the absence of epitheca. Can it be that 
he has been mistaken in supposing this to be present? No, a ref- 
erence to his Bpecimens again convinces him that his former obser- 
rations vere correct. Puzzled but persevering he learns next that 
the ahttnet of di»sepimenU is the one feature by which it must be 
separated from all other genera. Be recalls some of the species of 
Amplexut and Zaphrentis. The next reference volume he ,opens 
he confidently expects to find ahtence of wall or »epta affirmed to 
be the distinguiBhing characteristic, but the genus is simply made 
a snb-genus of Zaphrentit or referred to Ptychophyllunn. One 
very common Silurian coral has been assigned no less than twenty- 
tix different names, and others have nearly as long a list of 
alieuea. 

This unfortunate condition of affairs seems to have arisen from 
the fact that many descriptions have been based entirely upon ex- 
ternal characters or upon a limited number of poorly preserved 
fossils. Too many genera and species have been founded through 
ig'norance of or ignor'ance of the publications of others. A de- 
gree of satisfaction may be obtained only by collecting the litera- 
ture of each genus and making a comparative study of this in 
connection with the fossils themselves. The value of one's con- 
clusions will then depend upon the number and character of his 
specimens and the accuracy of his observations. 

Another source of embarrassment to the student is the apparent 
blending of the genera in many instances. He will find specimens 
of Cystiphyllum in which the tabulce and septa have reached no 
inconsiderable degree of development, and specimens of Helto- 
phyllum in which the carinse are almost or entirely wanting. 
However, if the commonly accepted theories for the creation of 
genera and species be true, the surprise would be the greater if 
these intermediate forms were not to be found. Let the student 
early learn the meaning of ''type classification" and appreciate 
the fact that the limits of genera are drawn by man and not by 
nature. He must also bear in mind that our Palteozoic corals are 
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olassifled entirely with respect to their skeletal remaioa, without 
any regard for the yet unknown afflnitieB of the polj'pa which se- 
ureted them. Modern deep-sea corals occnr, beloi^ing to the same 
species and growing within a few feet of each other, which if clas- 
sified with respect to their hard parts alone, would probably be 
placed in separate genera. On the other hand we know that 
amongst the more highly organized forms of life differences, de- 
tected only with difficulty, characterize the skeletons of animals 
belonging to separate families. We fancy that if the Trumpet of 
the Besurrection reanimates the dusty fossils on the shelves of our 
museum cases there is surprise in store for many a polyp when he 
first gazes into the countenance of his supposed brother. 

This chart of the Rugosa was primarily prepared for the pur- 
pose of maJdng a comparative study of its genera. Reference has 
been made to all available literature and figures, and many speci- 
mens have been examined. An attempt has just been made to 
have it as accurate and complete as possible by sending out sev- 
eral dozen advance copies to paleontologists of Europe and Amer- 
ica, with a request for additions and corrections. In this attempt 
we have been partially successful, and it is now published with the 
hope that it may prove of service in the laboratory for the deter- 
mination and separation of genera. It is designed to contain not 
simply the corals which the latest investigations would place in 
the list, but those which the student now finds referred to 
it, and about which he may desire ready information. Zit- 
tel's simplification of the elaborate classification of Dybowski 
has been followed as best suited te our purpose, and disturbed 
only by the introduction of a few new genera. It is evident from 
the internal structure that some of the genera are out of place. 

In his latest Manual of PaUeoiItology, Prof. H. A. Nicholson con- 
siders the group simply a Section of Madreporaria, instead of a 
Sub-Order of Zoantharia as established by Edwards and Haime. 
He locates and divides the group as below : 

Order. ZoanthaHa. 

Sub-Order A. Actinarla. 
Sub-Order B. Antlpatharla. 
Sub-Order C. Mftdreporarla. 

Sec. I. M. Aporosa. 

Sec. n. M. Eugosa. 
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Sec. J. Cj^ittfaophrlloldea. 
Pun. 1. Cyathophrllldffi. 
P&m. 2. HellophytlldR. 
Fam. 3. CliBiophrllldEe. 
Sec. S. ZaphreDtoidea. 
Fam. I. Zaphreotldn. 
Fam. Z. Hadropbyllldn. 
Fain. 3. StreptelasmidK. 
Sec 3. Cystlphylloldea. 
Fam. 1. Cystlphrllidse. 
Fam. S. Calceolldie. 
Sec. 111. M. Fnngida. 
Sec, tv, M. Perforata, 
The group U much restricted by the removal of Staaria, Cgalh- 
I'Xonia and other genera to the Aporoaa. 

The genera printed in small (lapitala are the more common and 
important of the Rugoea. 
Qeological Laboratory, TTnlv. of JflcMffaii. August, 18S0. 



ZOANTHARIA RUGOSA, E. AND H. 

TBTKACORAI.I.A. HABCK. 

Corallitcs simple or compound, free or grown together. Four 
gvatems of eepta wliich have a bilaterally symmetrical arrange- 
ment and generall,\' ext^ind feather-like from a principal septum 
and two side septa, or are arranged regularly radiate. One or all 
of the four primary septa are distinguished either by especial size 
and strengtli or l)y imperfect development ; in the last case being 
situated in the septal to^ete. The septa when alternating in the 
calyx are generally arnmged so that a shorter incomplete one 
(second order) ia next to a longer (first onler). The visceral cavity 
is frequently aupplieil with tjihiilK and dissepiments. Cflenen- 
chyma wanting. Cahees of the compound stems clearly aepa- 
ratt'd. Increikse is by ova, calieinal and lateral gemmation. 
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Occ&sionally calcareouB opercula occur which articulate with Uie 
coanter septum. 

Fam. I. Inkxfleta, Dyb. 
Interseptal spac«B empty (occasionally near the base slightly devel- 
oped dissepiments occur). Tabulee and cellular tissue wanting. Septa 
well developed. 

Tribe J. CyaOioxoniTUE, E. and H. 
Corallum top or horn-shaped, always simple. Septa Id the calyx reg- 
ularly radiate, well developed. 

Tribe 2. Petmina, Dyb. 
Calyx much deepened. The septa beglo close to the outer edge ol the 
calyx as slightly raised bands and in their downward course become 
complete only In the depth of the calys. 

Tribe 3. FatoocyeifiMe, Dyb. 
Corallum simple, free, disc-like or bowl-shaped. Septa well de- 
veloped. 

Fam, II. Expi,KTA, Dyb. 
"Filllng-tlssue" (tabuliB, dissepimenta, or both) occupy the entire 
space ot the visceral cavity. 

Sub-Fam. I. Dlajihraqnwtxrphora, Dyb. 
Tabulffi completely formed ; dissepiments wanting or quite poorly de- 
veloped. Septa In the calyx regularly radiate. 

Sub-Fam. 8. Pleiiophora, Dyb. 
TabulfB Incompletely formed, present only in the central part of the 
visceral cavity. Vesicular tissue In the peripheral portion. 
Sub-Fam. 3. Cyttophora, Dyb. 
Tabulte wanting, vesicular structure filling the entire visceral cavity- 
Tribe 1. Cystiphyilina:, E. and H. 
The vesicles arranged in vertical, contiguous layers, radial to the 
center. In the calyx the uppermost rows of vesicles project with their 
arches and form endotbecal bauds. 

Tribe 2. Pla*nw>pAyltiiWB, Dyb. 
Septa more or less developed or dwarted. Visceral cavity filled with 
cellular structure. 

Tribe 3. Fletclteritue, Zltt. 
Septa dwarfed. Vesicular tissue in the visceral cavity very coarse. 

Tribe 4. GoniophylUwB, Dyb. 
Calyx very deep. Septa at times weakly developed. Vesicular struc- 
ture in the Interseptai spaces very dense. Calcareous opercula always 
present. 
21 



jyGoogIc 



The American Geologist. 



Michellu. 134G. 



NicliolBOii. 1BT4. 



Hadrophyllnm. 



' AciuitlKMles. 



iDybowski, 1873, 



(CyntiiopnisD'Orb.) 



Chonofhyllum. 



Gold fuss, 1820. 



CyaUiopliylloidcs. 



Dybowski, 1873. 



Simple. 
Simple. 



Simple or 
' I xresate. 



coKALLumBH. Simple. 



• Cyclolites, (iiars) Lam. ; Fii 
" Sdmepreocciipicd li- ' — 
I Nrae prettecupted liy 



1.; Fiinffia, (par) 
ly AKit'islzior a i 



(pamlLnin.; Porplu-s, (pare) Sclilotli. , 
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DtCBEASE. 


rOKM. 


WILU. 


iriTiui. 


COSTS. 


CALYX. 




<>T». 


Conical. 


One. 


Complete. 


Distinct. 


Deep, with stroMT 

projection. 


Or*. 


Conical. 


One. 


WautiOK 

at bam. 


Present. 


'Sffir-'^ 


Ora. 


Conical. 


Two. 


Pr«ent 






""• 


Contcal to Hub- 
OTlindrical. 


One. 


Plainly de. 

veloped. 


nniiate. 




















Or*. 


"£"^"J 


One. 


Thick. 


IndiaUncL 


-^M',i 




Ovm. 


allT conical. 


One. 


Bather 
strong. 


Pinnate. 


'^''^ 




OTk. 


Conical. 


Ooe. 


Prewut 


Pinnate. 


StronBly deep- 
ened. 




Oto. 


Sulv«onlcal. 


One. 


PniMDt 


Present. 


Deeply concave. 




Or*. 


short conloftl. 


One. 


More»le« 
Htrons. 


Indicated. 






Ot». 


SntHliwoldal or 
bowl^haped. 


One. 


Pi««enton 
the base. 


IndlsUnct. 






Ora, 


IMwoldal. 


One, 


Wanting. 


Present. 


Snperfloial. 




Oy«. 


BowUbaped or 

Bhort conical. 


One. 


Present. 


Indicated. 


Superfclal. 




o™. 


DIscoidat. 


Oue. 


Strong on 

Hat base. 


Radiate. 


Very shallow or 
nearly obsolete. 





Ov.. 


Diacoidftl or 
short conical. 


One. 


SUoaK on 
base. 


Faint. 


Superficial. 


o™. lateral kbiii 
mation. 


Sutrconical to 
crlindrical. 


One. 


Plainly de. 
veloped. 

Well de- 
veloped. 


Distinct. 
Distinct. 


More or le«a deep- 
ened. 


0,. 


Conlcnltu cylin- 
drical. 


One. 


Circular, moder- 


0» 


Conical. 


Oue. 


Present. 


Distinct. 


Deep and spa- 
cious. 


Ova. lateiaJ Kern 
mation. 


Conical to cylin- 
drical. 


Oue. 


Plainly de- 
veloped. 


Present. 


Mot deepened. 


Ora. callclnal 


Patcllate. sliort 
cotiioallocylin- 


One. 


Thin. 


Broad. 


Mure or Ichk detii- 


Ova. 


Conical or with 
Blender Btem. 


One. 


Present. 


Moreo^lesH 
distinct. 


Shallow and veiT 
obliQUe. 


<>a«i.!?i 


Cylindrical or 


One. 
One. 

None. 


Tliln. 


Distinct. 


Moderalcly d»'i>. 
with Uim mnr- 


OTa.caliciiift 
gemmation. 


CoiiicM, cylin 


Present. 




Batlisr deep. 


Galioliul Komma 
1 tion. 


Confluent. 




Small pit with ul- 
evaled riin. 



oogic 



Thie American Geologist. 



. One, veil develoMd. 



Nmnerons ; botli oiden reach columella. 



Well developed, alteniatliw; second ordetTeryBhon. 



ComDletel]' developed. Nnmennu. cloaely pltteed. 



Alternating. Sides smooth, denticulate on Inner edset. 



.0. NmeoTTerr obscare. 



No lamelUr septa, slmplr ro 



. One, well developed. 



. One U developed. 



uies marginal, somewhat iDollned 



. One is indicated. 



. Side tacee granulated. 



Frimaries near^ 



One eenerally present 
.7.' and well character- 



iWanting or rudlmenl- 



Radlate. alternate. Primaries do not reach center. 

Secondaries one-halt as long. 
Radiate, eqoal^or alternate. 8een in calyx M l>ra*d. 



I bfuida. 2fot sharplr 



lalyx u bi 



22. iNone indicated. 



Seemingly nidlmi 



H. None indicated. 



Radiate, alternate. Primaries extend tc 
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DiaSBPlMBMTS. 


TABCLiE. 


CENTRAI, AREA. 




NODB. 


■None in trplwl ipectes. 






anellB. 




Hone. 


None. 


Columella wantins or non-deter- 
ndnable. 




SliKlillr developMl 


None. 


Thin, tonoel-ahftped lonei vaU. 




None. 


None. 


Nocolomella. 












None. 


None. 


Stylltorm columella. 




None. 


None. 


Open to near base. 




None. 


Irrwnlar distances. 






None. 


None. 


No columella. 




None. 


None. 






None. 


None. 


center. 




None. 


Hone. 






None. 


None. 






None. 


None. 


Broad and smooth. 




None. 


Described as wanting. 


Inner edges ol primanes tree and 




None. 


Well developed, horizon- 
tal, reachinB to the 


No central structure except the 




No true dissepi- 
ments. 


Frequently 'bent down- 
ward near the vail. 


Smooth and flat.septa beingatoent. 




None. 




NocolumelU. 




None. 


Complete, horizontal. 


Free Irom septa, only tabnlB pres 




Well developed iu 
the narrow iiiter- 
seplal cavities. 


•Sa true tabulie. 


Transverse dissepiments. 




None. 


1?£:'feF"*'~ 


Only the obliqne. smooth tabulie. 




None. 


"sr^ihtsi 


Generally smooth. No columella. 




None. 


Variously formed, but 
extend to onter wall. 


NocolumelU. 




Abnndant between 


Numerous in the viscera 
cavity. Bell-shaped. 


False columella. 

,_c 
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MISCELLAMEOCS. 


■eiinr rrutitbr. 






Principal septum iB placed in the lovea. Colmnella 
U veaiculat or tubular. 


1. Lophophyllum. 

2. Haplophyllia. 






Septa urotmde at the base as a small cone. 


Petraia. 






Septa of first onier spread out at their inner edges to 
fonn secondary wall. 


Aulophyllum. 








Petraia. 














thick at the base and tendius to fill up the inter- 


Cyathaionla. 








a. Cenophyllum. 






The totuprlncipal septa are stronger and form a cross. 


Plirnranophyllum. 






lipaasCrathophylla. 


Petraia. 








Acanthodea. 






Forea with three principal septa form a cross. 








Principal septum ia tn fovea, to which the neighbor 
ing septa are rather pinnate. 


1. Hycrocyclua. 
a. Paleocyclus. 






The (onr (oves form a croas. bnt are not klways dis- 
tinct. 








Principal wptnm placed in the fovea. 


Combopliyllum. 






Dimcan has found tabnlEB and veiioles In P. nigomis. 
E.andH.,andinclDde9KenD9andarCyathophyllum 








The spines are short and tepreunt septa in lowest 








dnced near wall by branching of tabaln. 


1. Zaphrentls. 






Principal septum dwarfed and in fovea. The three 
othen etroiwly developed, thus forming a croea. 


Folyocella. 






plexus. 






30 


growth B. 


"glgs^fwiis 




21 


Broad, shallow vesicles may be formed by Incom 


Amplexns. 




2S 




Cyatboi>hyU<ddes,(coni 

pound forms). 




23 


This genue is placed latennediate between Amplexna 


1. Amplexos. 




'« 


cell pits. 


Strmnbodes. 
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DISTINGUISHING CHABACTERISTIC9. 


UISE. 


■IIIIDI. 


■ISTimTlSI. 






SHUT.. 
Carbon. 

Silnr. 


Carbon. 






JSd'*^. Cir^MWr of 'bl^ aUS cofumeUft.'"" 


America. 




Epitheca waiitinn ftt the base. Sppta seem 
JDBly in multiples of six. 


Silur. (Niag.) 


America. 




Totai abacnce of tabulre. Wall io thin and 
fimnel-shaped. Secoiuiary septa very short 


Carbon. 


Carbon. 


Europe. 




Uora completely developed septa and hence 
more shallow calyx. 


Sllur. 


Sllur. 


Europe. 






Recent. 


Recent. 






Character of base am! columella. Recent. 


Recent. 


Recent. 


America. 




1, Considered synuiiymoiiB by some. 

a. Calyx very deep; septa complete only near 


Izt; 


Silur. 


Europe. 
America. 






Silur.. 

Carbon. 


Carbon.(Per- 
rniau.) 


Europe. 




moni by some. 


Silur.. 
Carbon. 


Silur. 


Europe. 




oftabnln. 


Silur. 


Silur. 


Europe. 




Bnt one (ovea, Indistiiict. wbicli with the tliree 


Devon. 


Devon. 


Europe, 
Amedca. 




1. Absence of epitheca. Mucli louger septa. 


Devon. 


Devon. 


Europe. 




Has (onr love« which form an iodleUoctly 
defined cross. 


Devon. 


Devon. 


Europe, 
America. 




Well developed epttheca. SepM are much 


Devon. 


Devon. 


America. 




Presence of epitlieca. Fovea is iudlsttnct. 
septa radiate aud stionKly Rranalated on 


Silur. 


Silur. 


Europe. 
America. 




Simple or B«Kre«ated. snlvCfinlcal to cylindri- 
cal in form. TabQtn quite well developed. 


Silur. 


Sllur. 


Europe. 




1. Shorter septa and less pronounced fovea. 

2. Fovea present. RcBarded as including this 


^r^n 


Low.Carbon. 


Europe. 




tom. Weaker development of tabulie. 


Silar., 
Devon. 


Silur. 


Europe. 




Has Qo fovea, but this Is qniu genetally con 
sldered as non-listinctlve. 


Silur. 


Silur. 


Europe. 
America. 




Septa are not vertical plates hut formed of su- 
c»^?«^8 very narrow near wall. No carina;. 


Silur.. 
Devon. 


Devon. 


Europe. 

America. 




BepU consist of mere rldBes over the labales. 
TabulfB are quite oblique. 


Devon. 
Silur. 


Devon. (Cor- 
nil.) 


America. 




raentary. 


Sllur. 


Europe. 

America. 




1. Not always simple. Longer septa. 

2. Shorter septa. Not always simple. 


Silur. 


Silur. 


Europe. 




False colnmello. 


Sllur. 


Silur. 


Europe. 
■ ( \^ 
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GENUS. 


POUNDER. 


TIFE. 


GUOWT 






2S. 


Denaiphyllum. 


Dybowski. 1873. 


■..™o...».. 


oioulatB. 




3B. 


Qrewiiigkia. 


Dybowski. 1873. 


LUM) BUCBBOB. 


Simple. 




27. 


Heterophrentls. 


BilliiiBB. 187fi. 


H. BPATIOSA. 


Simple. 




38. 


LOFHOFHYLLim. 


Ed ward 9 and 
Haime, 1850. 


L. KOKINCKI. 


Simple. 




29. 


MenopUyllum. 


Edwards and 
Haime. 1860. 


"a™""""' 


Simple. 


' 


30. 
31. 


Hatriopliyllum. 


Edwards and 
Haime. iSoO. 


.,»„«*.„. 


Simple 




Palteophyllum. 


Billint^. I8G8. 


,..„„„„.. 


Faiciculat 
awcregat 




32. 


Fentaphyllam. 


I>eKoiiiiick,187a. 




Simple. 




33. 


PhtJKanophyllum. 


DoKouiiick,1872. 




Simple 


J 


" 3*. 


Polydilasnia. 


Hall. 18B2. 


p.r...»A,™. 


Simple, 




!.. 


•Ptvchophtllcm 


EdwardH and 
Haime, 1860. 


P. HT0K18I. 


Simple 




»„ 


Pycaophyllum. 


Dybowski. 




Simple or. 
pound. 


^ 


87 

38 


PycQOBtyliu. 


WhlWavos. 1884. 


P. atlKLPHBNBia. 


AOTWB* 


i 


" Siphonwls. 


DybowsVi. 1873. 


,.™.„..„.. 


Simple 


36 
*0 


"E^^ 


Hall. 1847. 


9. BXFAKSUH. 


Simple 




ZAPMRBNTia. 

(Caninia. Mich.) 


Cliftopd. 1820. 


Z. (CASIKIA) PAT 


Simple 




41 


Acftiitliophylluni. 


Dybowski. 1871. 




Simple. 








t ACBHVULARIA. 

(Astra»,Lain..para. 


ScliwelK([er.l8S0 


A. RfEHBBI. 


Aatrffilff.cm 
or fascicu- 
laie. 






!:: 


ACKOPHYLLUH. 


Tliompsoii and 
Nicliolsoii, 1870. 


\is°si" 


Simple. 








Tliouipson.lS74. 




Simple. 






~ 4E 
48 


A..AOOPHT..,;«. 


Edwards and 
Hahiie. ISSO. 


A. (CASIHIA) BHI^ 


Simple. 






Aulopliylluin, 


Edwards and 
Haimt. IHno. 


"iiir°"° 


Simple. 






AXOPMYLLITII. 


Edwards and 
Haiiiic. 18»0. 




Simple. 






Hldthrupkvlluh 


llillimts. ISuO. 




"S^"'" 





; FiiiiKia. j])ars) l.nm.; Fuiiftites. (pa 



Hided upon slllcllled and nltered Irag- 
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INCREASE. 


FORM. 


VilU. 


EFITIRI. 


COST,*:. 


CALXX. 




Ova. callcinal 
fcemmation. 


Suli - cyliiidrfcal 


One. 


FUinlyde 
veloped 

Plainly de- 
veloped 


Present. 


Little deepened. 




o™. 


Conical. 


One. 


Present. 


Knob-like eleva- 
tion at cenwr. 




Ova. 


Tarblnate. 


One. 


Present 


Present 


Larse and deep. 




Ova. 


Conical. 


One. 


Complete. 


Strona- 


from the center. 




Ova. 


Conical. 


One. 


Complete. 


Present, 


LaTKe and deep. 




Ova. 


Tnrbinale. 


One. 


Complete. 


Present. 


Moderately deep. 




Ova, lateral irem- 
matlon. 


Sub-coDical. 


One. 
thick. 


Well de- 
veloped. 


Present, 


Rather deep. 




Ova. 


Tarbluaie. 


One. 










Ova. 


pedicled. 


One. 






Deep. 




Ova. 


Turbinate- 


One. 


Present. 


More or less 
distinct. 


thick, deep cen- 




Ova. 


Short conical. 


One. 


""^^m 


Distinct and 
broad. 


Baaln-like. More 








One. 










Ova. calicinal 
Kemmatlon. 


Cylindrical 

Hlender. 


One, 


Present. 


Present. 






Ova. 


Conical. 


One. 


Present. 








Ova. 


Conical, or oon- 
ico-cylindrical 


One. 


Well de- 
veloped. 


"HP 


Moderately deep. 




Ova. 


O^l^d'riSS!™" 


One. 


Thin. 


PUlnl, 
muked. 


Kins, 




Ova. 


SutM-rllndrical 


One. 










Ova. caliciua 
semmatlon. 


Prismatic or cy 
lindriciJ. 


One. or 
two. 


^mi^jjJ«j 


P™«.t 


Willi eipianate 
marKlnn. 




Ova. 


rnrbinale or 
conicocyi In 
drical. 


One. 


Tliin. 


Present. 


generally a sttoug 
projeclloiL. 




Ova. 


d?"cal!** 


One. 


Complete, 


EHstiuct. 


UssSS* 




Ova. 


Turbinate, coni 
ical. 


One. 


Present. 
Complete. 


Distinct. 


Katlier deep and 
spacious. 




Ova. 


Couico«yliudri 
cal, curved. 


Two. 


More or less 

cliBtillfl, 


Deep.lhin around 
perijdi i!ty . Cent ral 




Ova. 


Turblnaie. 


Two. 


Complete. 


Present. 


Moileratcly deep. 
ened. circular or 
sliBhllyilt-form-d 




Ova, calicinal 


L'ontwwiyiindri- 
cal. 


One. 


Tl,b,,con. 
plele. 


Present. 


More or leas deep, 
cned. 



t (?)Medcmfepliylliim, Roenier; (?)Ai 

Aj4tr>u>|iliyllnm, Niclioliuin and Him 

Hindi! us a Hiliclfied and weathered Str 



n)nKidercd by Mr. G. J 



ogle 



7^ Afmriean Geologist. 



;j 


FOVEAS. 


SEPTA. 




None hHllcate<l. 


ReeutiLTty radiate; those ot flnC order alwaj-s reach 

cpnter; HcMiondaricB much shorlet. 
ReKularty rncliate, very Htrong, equal. Extend to 

false columella. 




26. 






3T. 


One. well .tefliieU. 


"'.s,aX.:£?&»fi'""«t's,ir%>.';;K 




28. 


Oue. quite well marked. 


ally present. 




89. 


One. well mMked. Two 
smaller l&Mral ones. 


Tliin, Mralitht and altAraating:. Pinnate in one-hall 
of calyx, in other halt short and radiate. 




80. 




Well developed, primaries reacliinu center and curv 
iQB some. Secondaries rudimentary. 




31. 


None indicnlcd. 


Radiate, alternate. Primaries anite towards center 




8S. 


One Is present 


Numerous. Principal septum small and plaoed In 
fovea. 




as. 




Sumerous. 




84. 




reachinB center. 




3S. 


One. whlcli U senecally 
well markeil. 


the enter area. Primaries reach center. 




Sfl. 




Radiate, alternate ; primaries reaching center. 




37. 








88. 




Radlatelnthecalyz: each order extending Into the 
columella. Eaeh septum lormed of two layers. 




ag- 


One. which may be ob- 
Hcure or obsolete. 






io. 


One, larare and deep. 


"gn°;Stt'°='i'c";s,'r.°'ii,'ssia'»ia'3S 




41. 




Well developed. Side laces are supplied with thorny 




*2 


None indicated. 


Ksdiau. alternate. Primaries extend to near center 
secondaries to pit with tbiolceDed extremities 




43 


One, well mwked. 


Well developed, altematina. lamellar; usually pro- 
louKcd over sarfticeof labulai to center as curved 




« 


One. well marked. 


tetidinp only to central area. Delicate In outer 

vesicular zone. 




4fi 


One, distinct, in tonn of 
a narrow KTOove. 


NamBrous.well developed, thick. Radiate in one- 
halt ot calyx, in other halt pinnate to fovea. 




46 


Variable In size, bu 
osnallr well marked. 


tml area and give rise Wcurved plates which told 
around columella and form the Inner wall. 




47 




Generally altematlnK in lenath and thicknees 
Septa extend (turn outer wall to center. 




48 


One. sweralir distinct. 


menlary on tiie prolectlnK surfaces ot the cell cups. 





A cAart of the Rugose oorala. — Sher2er. 



1 DISSEPIMETTTa. | TABLI.«. 


CENTRAL AREA. 




O^Mrzoneotetnictiire- 


Varioiulr formed and ei- 
tending only to peripheral 


Septa not twisted at center. 




NODC. 


Neatly complete. StroDBlj 


Laige, Hpongy columella. 




None. 


Apparently but a Blngle one 
lonnine Hoor of calVz. 


Smooth or with a p»eudo-coU 
nmellar structure. 




No true veBicaUr 
■UuctDre. 


■^s^'S^iraK 


Central, compressed, iion.cou- 
tinuouH columella. 




None, 


=;g4S'"'irl%'.f,:f."j, 


Smooth, no columella. 




NotmavMlcleB. 




No colamella. 




None. 


None or rndlmentary. 






















None. 


low base of cup. 


Prlmarleit become compll- 




maltil7 br the contln- 
uouB cell cupa. 


Cell cnps form distinct tab 
Dlie through the center. 






Thick, structarelem 
endothec* In pcriph- 


Noteitendlniracnns the en- 
tire Tlsceral cavity. 






None. 










Plainly developed and ex- 

tendinKtothewalt. 


Columellapresentaudforme* 
at little lubes. 






Sometiiiies comp leCc, but 
usually poorly developed 

Geretally complete ftnd well 
develuped. Korlxontal. 


A sponuy central Core joou- 

ptes the ails. 




"Sj^^a 


Septa may be slightly twisted. 

No columella. 






Fteseut in central area, 
poorly developed. 






More otleM developed 


Septa senerally leave a tree 
open space. 




Remote, niwular. hn 
becoming dense In 


dtrone. noii.vralcular, in 
conipl«te. Elevated and 
twiaCed^ 

CoiiHiied to ctMiter. cloHe-set 
vesicular. Somewhatcon 
cave upward. 


Conical, obliquely contorted 
eminence. 




Minute TeBlcn!«r tis- 


Elevated. Formed by tabu- 
lie and a few radial, ver. 
tical plates. 




Veryrfmplellwr. 




No columella. 






Confined tocentral area, thin 

Strrais. remote and confined 
to center. 

Frequently" complete~ajid 
(orroed of the cell eupe 
antatceiiler. 


Atnbe-like, nearly central ana 

colnmellar-like wall. 




Bather coarse in ezter 
naluea. 


stronK columella. 




Ver7 simple 11 pieaent 
at all. 


Smooth, oi vrith septa reach- 
ing center a» low ridges. 



oogic 



2^ American Geoloffitt. 



BII8GEI.LANEOUS. 


lutER uuTrm. 




86 


lone. Provisionally placed in this divlaion. 


PycQOphyllnm. 




2S. 








37 


Bottom of calyx may b« smooth, have a conical tn 
bercle, a small rid«e or a variously formed oolnmel 






28 


marr septum. 


Cyathazonia. 




29 


Principal septan In principal lovea, towards which 


AmplexoB. 




80 


SepM are arranged in tonr gronps but no cross is 
formed. 


Zapbrentis. 




«1 








82 


"^fSSKMr.'Ma'^.'Jj.K.",;;, 


1. Phryganophyllum, 

2, Polyccelia. 




83. 




Polycoelia. 




S4. 


One eeptam of each pair stronKer thaa the other. 


}:M>hrenciB. 




SB. 


rheeeptaare formed byasharp infolding of thecon- 


Omphym*. 




86. 




Denslphyltum. 




37. 


Not more than two or three ascending stems pro 
dnced. 


Am plexus. 




«8. 


The fine tnbes tonuing the oolnmella are branched 






3S. 


"orsrSpT'^i's.'°£^at,''&a!Ss 


1. Pala>ophyllnm. 

2. Qtevringkia. 




40. 


Tabnln are fteqnently deflecl«d downwards near the 


1. Ampleius. 




41. 




Hellophyllum. 




•2. 


A secondary wall is indicated abont die pit by a 
thickening of (he aeptA. A true wall seldom occara. 


1. Endophylium. 
3. Cyathophyiium. 




48. 


and twisted tabnlES and not by the septa. 






■44. 


The vertical pintea of the L-entral area are quite inde- 
peudenl of the sepU. Median one la stronger and 
in fovea. 


1. Dibnnophyllum. 




46. 


bottom of the fovea. Fieiuonsnnd irregnlat. 


•Hallia. 




46. 


The Inner wail divides the visceral chamber into a 
central, colnninar and an outer, annular area. 


Cyclophyllmn. 




47. 


Columella Is formed of numarous. vertical, spirally 
twisted lamellte. 






48. 


DlHtinctly madp up of n series nt invaaiuated cell 





a hundred speclniei 
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D18TINOCISHINO CHABACTERISTICS. 


UIM. 


Ulllin. 


•imilDTin. 




Betrsrd«d u synonymoua br Zittel and Lind- 


BiluT. 


- 


Europe. 




^SSSSSSS^ 


Silui. 


Silnr. 


Europe. 




ently bat a sinBle tabula. 


Devoo. 


Devon. 
(Comit.) 


America. 






Devon., 
Carbon. 


Carbon. 


Borope. 
America. 




Preseaoe o( tha three fovwe and Uie crescent. 
Ifomitabnle. 


Carbon. 


Carbon. 






Mpta. 


Devon. 


Devon. 


Enrope. 




CHfloTH dmply in belns iSimponnd. 


Sllnr. 


Low. Silur 


Amerfe*. 




»epi« strong. 


Carbon. 


Carbon. 


Enrope, 






Carbon. 


Carbon. 


Europe. 






Silnr. 


Silur. 
OJieg.) 






Palw oolnmella. single fovea, and general ab- 


Silur.. 
Devon. 




Enn^. 
America. 




nnder thig geniu. 


Silur. 


Silnr. 


Europe. 






Silul. 


SHUT. 

(Nia«.) 


America. 




^•.SoSS'rtScS-S^Tn^iii'te^"''^!"^ 


Silnr. 


Sllnr. 


Europe. 




l.Oroirtli is simple. 


Silnr., 
Devon. 


Silnr. 


Europe, 
America. 




lasma, etc. 


sa-. 


Devon. 


Europe, 
America. 




Inalead of oarius the aide faces of the septa 
haTO thorny ont«rowtha. 


Silur.. 
Devon. 


Bilnr. 


Europe. 




I. Septa c«mplote in outer area. Epltlieca 
weJl developed. 2. Inner wall preeentor in- 
dicated. Septa shorter. 


Sllnr.. 

Devon, 


Devon. 


Europe, 
America. 




Colnmella is in the form of a vertical plate tn- 


Devon. 


Devon. 


Europe, 
America. 




1. Tlie central area 1b not completely divided 
by a atrons median iBmella. 3. Eminence 
helmet-shaped, character of tabulate area. 


Low. Car 
bon. 


Low. Car- 
bon. 


Enn^ 




Fovea ia not replaced by a principal septam 


Devon. 


Devon. 


Europe. 
America. 




com'poBed of radial lamelle united by veaic- 


Devon., 
Carbon. 


Carbon. 


Europe. 


Simple. Septa better developed in enter area 
and roachlnu the ontor wall. 


Carbon. 


Carbtm. 


Europe. 
America. 


Stroiig«i projecting cell caps: more nidimen 


Silnr- 
Devon. 


Devon. 


America. 



7^ American Geoloffwi. 



GBND8. 


FOUNDER. 


TXPE. 


OROWTH. 






i 
1 
1 

i 

i 


48. 


CampophyUnm. 


EdwardA and 
Haime, 1860. 


C. (CTATHOPmtl, 
Llm) FLKXDO- 
BVH, OOLDF. 


Simple. 






61. 




NiohoUon.iaTO 




Simple. 






ChonufB. 


Edwards and 
Balme. 1861. 


c,v«»«,.Lr. 


AMmitonn. 






6a. 

GS. 


C.».OPBTI.I..«. 


Daiw,lS4a. 
Dybowski. 1873. 


"k,^"'"''™ 


Simple. 






'liSS 


c. (diphtpbtl- 

LVM) AmCBlACt 
BILL. 


Simple or U» 
oiculaa.. 






64. 
66. 
66. 
67. 
68. 


• Or AISOPHTU.UH . 


Ooldhua. laae. 


C. BIASTHUB. 


Simple, las- 






Crclopbrllum. 


Duncan and 


C. (AUtOPHTL 
BANKI, R. ft H 


Simple. 






CymftWophyllnm. 


Tbompaon and 
NJcholwm.1876. 




Simple. 






Dibunophyllum. 


Thompson and 
Nioholson, 1876. 




Simple. 




^ 


Dinoplirllnm. 


LIndBtwm. 


..„,o.„„.. 


Simple. 






69. 
60. 

Q2. 
63. 
64. 
66. 
66. 


• •DipmtnrTLLCK. 


Lonsdale. 184S. 




Fawdcnlale. 






Endophrlliun. 


Edwardaand 
Haime, 1861. 










Hallia. 


Edwards and 
Balme. 1860, 


...mo... 


Simple. 




2 


HSLIOPHTLLUU. 


Hall, 1846. 


H. HALU, ■. ASI> 


Simple or las. 
clculaU. . 




HolooystU, {Tetcaco- 
cfflnift. Lonsd.) 


Lonsdale. 1849. 


H. (CTATHOPHO- 
RA) BLBOANB. 


Astrteltonn. 






Koninckophyllum. 


Nicliol90ii.l878. 




Simple or las- 

ciculate. 






1 LiTHOSTBOTION. 


Lliwyd. 1809. 

FlemiiiB, 1823- 


"S""""' 


Fasciculate or 
antrajifonn. 

Fasciculate or 
astneilonn. 






pliyllam. From.) 


McCoy. 18*0. 


Wll"°"^ 






67 


0«,.™i. 


Cliitorci, laao. 




Simple. 






68 


Pacict?iiyi.i,vk. 


Edwards and 
Haime, 1860. 


,.OUC.A»,. 


Simple or a..- 
triBilorm. 






Pkillipbabtbaa. 

KSmlthis,E.nDdH.) 


D'Orbiany. 1840 


r..>KAS. 








70 


ttPholidophyllum. 












72 


Rliodopliyllum. 


Tliompson, 1B7*. 




Simple. 






SiK.i«opl,yllQm, 


Edwards and 
Haime. 1851. 


...I^WC... 


Aatneiform. 




lup 


! 


If 


Modrepoto, (para) : 

Biid Cliff. :':^losculBr 
. Polyphvllum,^ From 


Innc: Penpcediim 


, Ehren.: Pl«rocl 
:rephO(lea, McCni 


lia, Ehren. ; 
am,Tr,ut. 





A chart qfihe Rugose corcda. — Skerser. 






IMCBEASei. 


FORM. 


WIIU 


RFtTHCI. 


COST.*:. 1 CALYX, 




Or*. 


>nlcal or sab- 
cylindrical. 


One. 


Complete, 


Deep; smooth flat 
[ center. 




Ovft. 


cal aud cor- 
nate. 


One. 


Present, 


Present. 


everted. 






Priamatic. 


One. 
inner. 










Ova. 


oonico-cylln- 

dricai. 


One. 


Complete. 


Present. 


Center has a promi- 
nent conical boss. 




OT&, lateral torn- 


Cylindrical or 
g^uic^yiin. 


Two. 




Distinct, 


small flat center. 




Ova. latent, oallc- 


matic. 


One. ^Complete. 


Distinct. Deepened. 




Ora. 


Conico- cylindri- 
cal. Tall. 


Two. Tl.ln. 


,Oeap.w!ththiued«efl. 
Present, i Shows a secondary 




Ova. 


cal. Tall. 


One. ;Thin. 


!Clrcutar. shallow. 
Present. ; more or less evert- 




Ova. 


couico-cyliu. 

dncal. 


j^. jComplete. 






Ova. 


Conical. 


One. 


Present, 


8tronB. 1 




Ova. lateral »imI 


Cylindrical. 


Two. 


Complete, 

thin. 


IMstinct. Moderately deep. 




Ova and Bemma- 
Uon. 


Sub -cylindrical 

to prismatic. 


Two. 


Absent, 


1 




Ova. 


conictwyllQ 
drlcal. 


One. 


Present. 


DIsUnct. j 





Ovaandcalicinal 


Turbinate to 


IComplete, 
One. usually 




Ova, eztra-calic- 

inal Bemmation 


Prismatic. 


One. Absent. 


oped, ridae. 


'Ova,calicina 
1 Kemmatlon. 


Conical, cyliii 
dricai or eoni 
co^ylliidrical 


•^"^ thin. 


iMoJerately deep. 
Present. Contains a projec- 
tion from center. 


:Ov&.calicinnl&nd 

1 ii.r',rs"' 


Cylindrical o 
prlumatic. 


One. ! Complete. 


Distinct. 







Ova. calicina 
gemmation. 


Cylindrieal o 
prismatic. 


O^;"' Complete. 


Distinct. 


01 moderate dluian- 
sions with a pro- 
jection. 


Ova. 


Turbinate. 


«""■ ! l^op^t,^""'"' , 


Generally deepened 


Ova, lateral nem 
: mation. 


Prigmatic. 


1 covering 


Distinct on 


Small, pit-like, sur- 
ronnded wilbarim. 


Ova, sub-marKin 
al gem mation. 




Present at 

0-' l-ST 


Sm"s.'^'^ 


central pit with rim. 






One, 1 Present, 


Pre^nt. 




Ova. 


Conicccylinitr 


Complete 
**"**■ , thin. 


Present. 


Cirp«lar,shallo«-.con- 
lams a dome-sbaiie 
boss. 


iOva and sent ma 


Prismatic. 


One, 'present. 







. ...:;lHde« Sematophyllum, McCoy ; Stylaxls. McCoy iSipbonodoiidrop. M _ . 
Petalaiis.E. andH.; 8tyliiia,L«auBur; Lithodendron.Pliil, ; Axinura. Cnnleliiau: 
Stylastnea, Lonsd. ; Acrocvathus, D'Orb, : Lasmocyathiu, D Orb, ; Astnea. (paw) 
Lam. ; Aracbnium, Key, ; Nemapliyllam. McCoy and Lithostrotmm, Broim. 

1 1 Includes Tryplasma. Loned, ; Bcarilliodes, Dyb. and AcanthMVclus. Dyb. 

X Erismatiilithua (Erismoiithus), Martin, and Btreptasctaia, Sandberger. 



7^ American deologisi. 



YOVKX.. 


8BPTA. 






One!» occasionally present 






50 


One ia present. 


Well developed, alternaUns. Do not extend to center. 




Bl 








GZ 


One. more or lees distinct. 


Well developed. altematinK. Primaries noTor ex- 
lend tnrthar than outer edge of central boss. 




~^ 


A wide fovea is Kcneiolly 
present. 


Primaries Join the two walls. Smondarles sborter. 




S4 


Not distinct but occasionally 

present. 


mariee ezlend to center. Side laoes ancT edsea 




67 


One, vuiable in size, but 
well marked. 


tend to oolumellar wall. Thin in the onter area. 




One. well marked. 


Usually thin, altematlne. Floitnous in outer area. 
Primaries extend only to outer marBin of oeutral 




One. well marked. 


Well developed, eenerally of two orders. Primaries 
or wanting. 




S8 


Pteient as a narrow Eroove. 


Meetin« at the center and formlnB an elevated and 




ea 


Obecnre or obsolete. 






60 




Septa project but slishtly outside of well marked In- 
ternal wall. Altematlnit. fleiuoug. 




61 


None. 


halt of calyx, in other halt pinnate to laqce princi 




SS 


One. more or less distinctly 


Well ilevelciped, alternate, radiate. Primaries ei- 
qwently fleiuous. 




63 


One, deep. 


Slishtly ewert, closely set. very thick exteriorly. 
Not reaching center. SlighUyeranntoted laterally. 




64 


Occasionally one. 


Thin and delicate In vesicular lone, but reaching 

wall. AllernatinH. 




66 


One Is sometimes incon- 


reaching columella. Sides smooth, not denticnlate. 




ee 


Obecureornone. 


Generally altematinK. Riidimentarv or obsolete in 




67 


Foni, althongh three are sel- 
dom distinct. 


Numerous, equal or altematlna. Broad, with lant- 
shaped crest In calyx, at Umes sharp, seldom 




68 


Obscure or none. 


ttwhX^onfl'^^^lS'nlirhSSfcrafte ""■ 




69 


Rudimentary or obsolete. 


terminate at rim of caliclnal pit. 




70 
71 
7! 




Equal. 




One, well marked in cross 


Alternate. Primaries Mtend only to outer edge of 






Numerous, very slender, confined to central area. 
Generally lost In the onter vesicular zone. 





A ckaH of the tiugoae corals. — Sherser. 





DtaSUPIMBNTS. 


TABIILJE. 


CENTRAL AREA. 




width. 


Well developed, extending 
over lanre central area but 
not to wall. 


rabuliB BDiaotb, flat and free 




camllum. 


Loose, vesicular and rndi. 
mentacy. 


In elongatod, slightly raised, 
central boai. 




extenial portion. 


Limited to central area. 






"ssaws- 


Present as central, very deli- 
cate, elevated, inoscnlat 
ing plates. 


ontitmouB, columellar lam. 




Developed to a t^eat«r 


Confined to central tube-like 
channel. Horizontal oi 
slightly inclined. 


distinct secondary wall. En- 
lire or lionte-shoe nhaped. 




(Jcneiall; well devel- 
oped. 


"'sSf£«'=sfv".s'..r»" 


*epla may become twisted- 




Present in outer ateB- 
Delicate and Irreffu 
laratcent^r- 


Irregular, incomplete, vesi- 
Eievatvd at center. 


IMstinct inner wall enclotting 
a loone columella. 




Fonu a dense zone In 


Confined to center, inter- 
mpled, close-set, concave. 

CentniUielicate, aiiaalomoB- 
ing;elevated centrally hut 


Raised, over which sinuous 
ridges eitond to center. 




Scanty In central area. 
abimdaitt in oal^t. 


Low centra] eminence. 
Formed by iniiepemleni, 
straigii I lamella: an J Ubnl». 






Elevated toward the center. 


Elevated as in Clislophyllnm. 




Con fined to a, narrow 
peripheral zone. At 


tral area. Dellecled at 


rabulm smooth, generally free 
trom Hepta. 




ner wall, fljior within 


Small. 


Septa may or may not reach 
center. Noeolnmella. 




More or le« developed 


Present. 


nner edge ot largo principal 
septum simulates a colu- 




More or less developed 
absent. 


moreorlessexlenrive cen- 
tral area. 


Septa may unite with each 
other- No columella. 




Simple, hociiiontal or 
Blighlly con vol. 


Thick, cloaeflet. not com. 
ploto- 


Small Htyliform columella. 




forming a dense ou(- 


vated at columella. 


times disconthmous", cola- 




Sinail and <l»licste in 
outer area. Do not in 
t«rfere with septa. 




coiitinnoiis columella. 




Large, forminic an out 

er veslcnlar zone. 


Well developed, closojiet. of- 


formed of twisted plales. 




Coarse and formei] 


Well developed through the 
central area, horizontal 


sepia. No columella. 




more or less deve 


Well cliaraoteriied through 


Primary septa are tliin and 
reach center. 




area. 


Wanting or radimentary. 








Regular, equidistant. 






Outer zone of ilenHe ti 
sue in which Bopt 


irri'iiii Inr.v.'Si™ Isr.vcn-.l'' Urate 


''■i;'?;^'^a,':''rpSy"'?wVss 

Plates. 




Pill up the larger po 
tion of the viscera 
cavity. 


Some small, horizontal tabu 
lie at the center. 


,1 X 



Google 



Tfie American Gedogist. 



>II>CEI.lAKIi<lli>. 


niimuunm. 




» 


The Ubnln mb qaite simple and may bo remote 
ot crowded. May eitend naarly towall. 


3. Cyathophyllam. 




60 


lul&r tisRua. 






61 


The intemnl wall iBBt&tedtobe well marked. Out- 
er wsll in wanting. 






SZ 


and n fuw indnpendenl vertical lamellie.BtnuBlit 
orapirally Iwiated. 






691. 


Side faces of the septa an caiinated as InHellu- 
phyllam and Bome suecios of Acervularia. 


1. Diphyphyllum. 




64. 


The septa may fall short of center, or in some spe- 
cies may be quite twimed. 


Heltophyllum. 




BB. 


Colamella is spongiose and contains some vertical 


Aulophyllnm. 




66. 


wavy, dlxcoiitinuous, uolumellarian plates. 






67. 


Central area la bisected by a median lamella, one 
extremity of which is directed towards the fovea. 






68. 


■Near the epillieca tliere exiats a peculiar kind of 
intnueptal structure, coiisistinii of narrow twist- 
ed atriuKH of whitish color." 


Clisiophyllum. 




«». 


»t?'i,'issK'J.'?nfS'fiiS"i4:fii£«!S 


1. Craapedophyllum. 

2. fiyathophyllum. 




60. 




Acervularia. 




61. 


which extends beyond the center. 


Anlacophyllam. 




62. 


tendlnz in a curve from the wall towards center. 
Convex upward. 


2. Cyathophyltnm. 




63 


Septa form three couipleW cycla, and, four, well 


Stanria. 




M. 


Tabulate area may be more or less extended. 
When fovea is present it contains a single short 
septum. 


1. Axophyllum. 

2. Loiisdaleia. 




66 


*?„'jg,aiVffiK'i:,!i'.asra&;Kss 


1. Diphypbyllum. 




06. 


A distinct inner wall is sometimes present be- 
tween the vesicular and tabulate area. Colu 
mella is vesicular. 


1. Chonaxls. 
3. LitlioatroHon. 




67. 


Iciform processes. 






68. 


The septa In nelBliborina corallit«» are more or 






6». 


Septa are confluent In neiBhborinjj corallite-i 


Pachyphylhuii. 




7... 


Cofltie are armntwd in palra. Simple specimens 
show a riiw of rliomWc scales on eachlialf of a 






7J. 


"sssairtMr.s.nrs'iiS 


Clisiophyllnm. 




7^ 


Septa seem to merely striate the anrtacoof the 
vesicles In the outer zone. 


1. Endopl.yilum. 





(YinopAuJ/iim. and may be ncpamted from it and from one anotJier only by clusart 
otteotlou to the details of tbo central area. 



A chart oftAe Sugoae eoralg. — Sh^^er. 





DISTINGVISHINO CHARACTERISTICS 


MHE. 


MIIIIDI. 






«lje. 2. Much aliorler Bepta and weaker ves- 


nevon.. 

Carbon. 


Devon. 


Europe, 

America. 




Septa never reach center. Betlcalate oential 


Low. Car 

bon. 


Low. Car 
bon. 






Absence <rf outer w«ll. 


Carbon. 


Carbon. 


Europe. 




Centrallv elevated tabulee. Calicinal boss In 
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Europe, 
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1. More nearly central and heavier inner vail 
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Septal faceii umooth ; heavier veiiicular devel 


& 


Devon. 


Europe. 
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Carbon. 


Europe. 
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Europe. 




stead of hall wny. Eminence ts low and 
rounded. 


Low. Car- 
bon. 
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Europe. 




Septa continue to the center; character at 

Interseptal structure. 


Sllur. 
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Europe. 




carinv. 3. Always compound. Inner wall, 
shorter septa, etc. 
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Devon, 


Europe. 
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relopod between the two walls. 


Devon. 


Devon. 


Europe. 




rhe fovea is replaced by a strong septum to 


Silur. 
Devon. 
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Europe, 
America. 






Silur.. 
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Deep fovea, septa very thick towards wall, ar- 
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Low. Car- 
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Europe, 




1, a. No Internal wall beptn reduced to 
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Devon. 
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Europe. 
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OKHVH. 
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Edwards and 
Haime. 1850. 
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Simple. 
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Simple. 
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Simple. 
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"Albertia 


....,- 


Simple. 






Ciitrocelli 


Simple. 
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Centrophytluiii. 


Simple. 
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a 


Fosctuuloph y 1 1 um. 


TI,on,pson,1883. 
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McCoy. 1810. 




Simple. 
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Thompson. 1870. 
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INCBEASB. 


PUBM. 


WtlU. 


irniKt. 


C08T*. 

Wanting. 

Well ' de- 
veloped. 


CALYX. 




Ova. calicina 

Ova. lateral eem 

mation. 
OyaT^lici^ 


Prismatic ore; 
lindrical. 


One. 


Complete. 


Uenerally rather 
deep. 




lAmliia(ed.witli 
verticaT tabes 


Nona. 


Com m.on 
nil blue. 


with central pit. 




Prisinattc. 


0.ie. 
strong 

On». 
One. 
One. 

None. 
One. 
One. 

One. 

Quo. 

thick. 

One. 


p».»i. 


rather shallow. 




Cjrlicindrical or 
prismatic 


atont. 


Present. 


Shallow. 




Ova. 


Troclioid. hom- 
Ihaped. 




Prohftbl! 
Faint. 


Shallow. 




Ova. 
Oi^'callcina 

Ova, lateral sem 


rrnmpet. 
shaped. 


Present. 


Deep. 




Tarbinate to 
conflOBnt. 

VftrionK. Coiii- 

Cylindrical. 
Turbinato. 

QuadnuiH:uliu'- 

Half -conical': 
slippor-shapcil. 
QuadraiiguUc- 
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BroBd.8hallow,or 
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Complete 

but tliin. 

Present. 
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r h 1 c k". 

wrinkled. 
PreaenL 
Complete. 

Heavy. 

Complete, 
strong. 


"S4''diV 


'^^eS'.J^dee^ 

Deep and runnel- 
shaped. 

Elevated cen- 
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Ova. 

Ova. calicina 
gemmation. 

Ova, KemiDation 

Ova. 

Ova. 

Ova. 






Distinct 










"aS» 




Circular. 




)ne. 
strong. 

»ie. 
One. 

One,' 
thick. 


deep. 




Fiiint. 

More or 
l(«a dis- 

IndiBtinct, 


Deep, pointed. 




Squ&re.somewhat 

deepened. 


Ova. 


Deep, semi -circu- 
lar, pointed. 




Ova. 


GonlMvcyliuiiri- 
0.1, curvd. 

Cimi<-.i^!yliii.lri- 
cal. curved, 
aniall. 

ealoronrnuto. 


One. 


Thin. 


Present. 


Circular, shallow 
everted. 




Ova. 
Ova. 


One. 

One. 


Variable. 


Pnesent. 


Disep. thin around 
margin. 




Tliin. 


Present. 


alelydeep.some- ■ 
tiiiiBH uvcrled. 




Ova. 
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Variable. 


Present. 


Variable In depth. 




Ova. 


CyliiHlrical, ta- 
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Stout. 
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ta everted. 
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Numerous, general Ir extending b 



None indicated. 



Do not reach the outei mil ; equal a 



Pine, radiaUnB septal strin in the calyx. 



None Indicated In orig- 
inal speclnicnfl. 

Quite' distinct in gome 
sjieciee. obsolete in 



Rudimentarr. At the outer ed^es ther appear i 
crestH. Kmduallr vanislilnE towards the < 
Ru'dim: 



Bepta ore obsolete. 



Incompletelr formed. 



« where they may or may ni 



Incompletely developed. 



.lick, well developed, reachina center. Prin-' 

cipal Bepta are eouiQirbat raised: situatnd at the tnid-! 
die of each flat Hide. 



Oneifilndlcat«d: small. 
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\ _^ii 1,-.. mamii of elevated ( 



well marked. 



peri phery. 
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miuiee extend only 
il boas. Thin and flei 



jOne. of variable dimen- Allematinic. Both orders extend towards center M 

aious- I coalesce, forming KTOnps or fascicles. 

One present In lartco va- Lamellar. Extend from wall to centor. nnitins Into la 
I rletlrs. I cicles. Not eenorally alternating. 

,Wcll devdov^, B 
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BT. One, well marked. 



in of central area. SecMidaiiea aborts, u 
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DISSKPlHIENTa. 


TABVLf. 


CENTRAL ABKA. 












°s?«s ■ss- 


present at the center. 


No columella, but a papillose 
projection may occur. 




Present In lutereeptal 


Small, bat little developed. 


Stylttorm columella Indis- 
tinctly developed. 




Arransed In obllqae 


Confined to broad central 
area. Remote. 


Septadonotreaclicenier. No 








No columella. 




Fin DP Tlscenil oaTity. 




No columella. 
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Smooth and flat in calyx. 
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Wantins or rudimentary; 
formed by the vesicles. 
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mella. 




Kll up entire cavitir. 
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Interlamellar cifBtB 


WantlDK. 






Coarse. 








^£h^^'^»^J?il?S"S 








Prewnt 








ViHC*ral cavity con- 
talna a mealiy, vesic 








Developed much as In 


Rudimentary or enUrely ah- 


tacesof Uio vesicles are dis- 
tinct. 




cavities. 


None. 






Present and forming a 
vesicular gtracture 
_willi the tabular. 


Funnel-ehaped and but little 
4eveloped. 








No columella 




Dense zone in outer 
area: sparse within. 


Concave at center, convex 
by cells. 


A depression exists at the cen- 
ter of calyi. 




Sparse and remote. 


Ocfiipietl by a KyslPin of ir- 




Dense in ooIot area 
fewer towards center 


Concave at ceul«r, convex in 
intermediate area. 


Sliichtly elevated, with series 
ol ridtces c<>n verglnir towards 








tral septumof cacli tiLicicle, 




Fine and dense In a nar 
row onter zone- 


Minute at center, itroatland 


Inner edgea of septa torm a 
pHondo colli iDfilla. 




fewer towards center 


"g'Si'^iSSiS'SS. 


tide, Forrvoiioiiaiiig with Isbubp. 
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lUWn UUTITH. 



, Comllites mar be free in part o 
epitliecal walls. 
Mttdeupot a series of nuperposed laminK. impresseill 
with the cell pila. Thu rugm In w>iue species, have Darwinia. 

_. all^matioB porea. | ^ 

CdHtffi arOHtroiiicIy devel(ipe<l and K)opiiiB down fruin< 
- ^_. ...__r. — -mblea Pftchyphylluiii Pachyphyllum. 

'The septa eitenil Irom the outer veaicolar zone fori. Lonsdalofa. 
; a short distAuce towards the center. j2. Cninpopliyltaii 

J The fovea is indicated merely by the sborteiiliie of •• ^^p!"*"'^''" 



_| the principal septum. _ _ I Wniple!? " 

,^ iFonu is loiiKi slender and (ermiuated bs an ahruptlyl 
I expanded cup. 



•J' 



Cystiphrllum. 

■ 

Cystiphyllum. 



Uoraihl^s are parallel, n'hully or partly in contact audi 
united by transverse tilaineiits. Steum are bi£ar- Cystiphorolites. 

E upwards 

LlndstrumoauBiderHthisayiioiiymouswidiCyatli 



Llndstriiiii considers this a Cystiphyllnr 



Uadstrum considers this a CyBtlphyllom. 

oval, concentrically 



An operculum o( sub-lrinngiilar valves is said to be'i Honionhvlluin 
prwlent. ^o troceot lis attachmeiii was obsetvcd|i' uo'"oPhy"'"n- 
■-■■-" specSmons examined. 2. Cystiphyllum, 



Cltsiophylloidea. 



Supplied with a thick, semi -elliptical operculum,' 

which has a strong median ridfie, _ i** • "' 

Slieht depressions In the antcles of the calyx. 0]ier- 1 Calceola. - 

2. Rblzophyllnm. 
Operculum 1h simple, senii-elliptlcal with median' , , 
ridge. Corallltes have strong root-liltc appendages., '"''™ 
ridiijS 



""=™"""pa«icnlophyllum. 

Thecentralareaisformadbytheradialoolumellarian „ „ . v n ™ 

septa, united by the concave labuto. ^ Cymateophyllum, 

he secondary septa moy l)e nilnuto or mav eitoiid 

inwards for a considerable distance, uniting with Centrocellnlosum. 

the_primnries 

-"' - tin, etf Ihih inli^rvntttMntf a":t^nia i^i-iit 

icd til it or to FniKiculoiihyilum. 

Ontral radial lamellie e 
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No definiMl coluuiHlla. 

BtroiiK walls, preaencB o( columella. Tin 

■■"■ 33 ace more imliviilualiied. 
1. Notraecolumellii; uimovereilceiitml tabu- 
latearea. 3. Abortlveonnilliionor tlies 
iBDil CabnlK. 
leptum in fovea. Coarse 



Peculiar tmmpeMlinped corallum. 



veoiclM. 2. Simple 
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Slei^iler^cyJIndricalamlfaMcifiuliiteiiiBrowtli 
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Up. Silui 

Silnr. 



Silw. 

Silur., 

Sllnr. 



Absence o( tabniie. 
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town oC vealcles not elevated nl 



1. Mure Hlendei 



2.^11 



3. tieueral hIih] 



Absence of radlciform pcocosses. 



Radiclform 

Cuntral I'lpprp.isic 
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Europe, 
America. 

Europe. 
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OIL AND GAS RESOURCES OF WEST VIRGINIA. 

Bt I. C. Wbitb, MoTKantovn, West Va. 

CAddren dellTIred « tlH VorM'a Fi]rtnnqiiot.CbmT]e9U>D, W. VO 

The desire to search oat new and bidden things is nniversal. It 
weds alike the astronomer to his telescope, the chemist to his cru- 
cible, the philosopher to thought Led by this enchaDtmcnt, men 
explore the depths of the sea, delve into mountains, and seek to 
penetrate the earth itaelf to unveil its hidden mysteries. This all 
prevailing impulse is the m^nspring of human progress. It led 
GoL Drake to drill the historic oil well in the valley of Oil creek 
below Titusville, which gave to cirilizatiou a new illumiuant and 
to the business world a new industry. 

The credit of originating the industries depentient upon oil and 
natural gas is usually awarded to Pennsylvania. This is not 
really true. West Virginia, and not Pennsylvania is the true 
birth place of both. Right here in this beautiful valley of the 
Kanawha, was natural gas first utilized for manufacturing pur- 
poses, 30 years before such use in Pennsylvania, while from the 
other Kanawha at Burning Springs, oil was shipped in barrels and 
a n^lar traffic in it built up many years before Pennsylvania's 
first well was drilled. In fact it was right here in the county 
of Kanawha (which generally leads the procession in business as 
welt as in politics) that drilling tools and the method of casing 
wells were both invented, without which the oil and gas industry 
would have been impossible. All honor to the memory of Col. 
Drake for first conceiving and executing the plan of drilling into 
the earth to obtain oil But in this connection let us not forget 
the names of the Ruffner brothers, whose busy brains invented 
casings; nor "Billy" Morris, who constructed the first pair of 
"Jars," for witliout both of these discoveries, deep drilling would 
have been impracticable. 

The question is frequently asked, why it is that, if West Vir- 
ginia really contains so much oil, it was not discovered and devel- 
oped along with that of her sister state. The answer is at hand. 
The first wells to find oil in our state were on the Little Kanawha, 
where a great arch in the rocks throws the oil sands much nearer 
to the surface than elsewhere in the state, and hence it happened 
that although wells were drilled in nearly cvcrj- county west from 
the Alleghenies, none of them, until recent years penctratetl the 
earth far enough to reach the oil beiiring rock. 
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About eight yeara ago your speaker took up the seriouB atudy 
ol oil and gas problems in Pennsylvania. The following year I 
became convinced tliat the great oil belt of that state would ex- 
tend into and across oar own. Acting on this conviction I had a 
map prepared almost exactly like the one you see here now. This 
I submitted to a Pittsburg firm and the theory of a southern ex- 
teneioD of tlie Pennsylvania field appeared so plausible to them 
that they were induced to undertake the oil development of WesL 
Virginia on a lai^e scale. 

Under my directioii over four hundred thousand acres of West 
Vii^inia lands were leased by my brother, H. S. White, who now 
does business for the United States. The Fitt^jburg syndicate 
drilled two wells on this immense area, and ^^ected about eight 
derricks. The first was drilled for gas with which to supply 
Wheeling. Some gas was found, but not as much as the company 
expected. The second well was for oil, and located near Board 
Tree Tunnel at the southwest comer of Pennsylvania. This 
found only a small quantity of the golden fluid. The syndicate 
was discouraged. Its president declared there was neither oil nor 
gas in West Virginia, and bankruptcy would be the result of any 
further effort to find them. The "shut down" movement came 
on and a property which would have made Rockafellers of its 
owners was permitted to lapse and the leases to become void. 
WiUiin sight of the Board Tree venture a valuable oil well was 
completed by the Standard Oil company during the past year. 

One of my locations, made in 18S5, before Mr. Hukill had 
driltetl his first well at Mt Morris, was one on the Youst farm 
near Pairview, in Marion county. Here a derrick had been 
erected, and I plead with the Pittsburg men to make this test be- 
fore finally abandoning West Virginia. They were deaf to my 
appeal, and this old derrick to-day stands in the midst of a dozen 
oil wells, gushing from one to five hundred barrels each, and send- 
ing two thousand barrels of the finest oil in the world throbbing 
through the pipe line on its way to the sea. The Mt. Morris, 
Doirs Run, Fairvicw, Mannington, oil and gas field, whose south- 
em end no one has yet found, and which in my opinion will prove 
the largest and richest oil and gns belt the world has ever known, 
was largely covered by the leases which the Pittahurg syndicate 
held. 

Until the year 18S9, the oil magnates of the country paid no 



doyGoogIc 



304 The American Geologic. Mar. isni 

serious attention to West Virginia. This date, however, is a 
"red letter" one in our oil history, for it mariu the opening of 
Doll's Run, Hanaington, and the rise of Eureka to pTomioence. 
These three developments brought the Standard Oil Company to 
realize that here in West Virginia was to be the great oil field of 
the future and that much berated monopoly has come into our 
state to take possession of its oil business. How many hundred 
thousand acres it has leased or purchased I do not know, but the 
territory it controls is a vast one, and the million and a half dol- 
lars it has expended in building a pipe line from Moigantown to 
the sea attest that it is with us to stay. Just what its influence 
will be upon our young commonwealth remains to be asccrtained- 
It is here at the capitol asking for l^islation necessary for carry- 
ing on this vast business enterprise of producing and markeUng 
the million barrels of oil which lie hidden in our rocky state. If 
what it asks be fair it is only right that it should be given, Most 
of us have only seen the dark side of tiiis monster corporation. 
It is too true that its immense proceeds have been used in this 
country- to crush out rivals whom it eould not purchase, but at the 
same time, only the power of such aggregated wealth could meet 
and vanquish the Nobclls and Kothchilds of Europe in the con- 
test with the cheap oils of Russia. To meet this competition, 
and hold as well as extend the foreign market for American oils, 
this much abusetl corporation has often sold oil for months far 
below its cost, and had this not been done, tlte price of our oil 
would not be more than 50 cents a barrel to-day. This is one of 
the benefits that aggregated wealth confers, of which we hear very 
little. 

It is my firm belief that this great oil belt which has come 
down to our stat« through a distance of 200 miles, will extend 
clear across the same from Hancock to Ix>gan. Only to-<lay I re- 
ceived a tel^nim that a lai^e flow of gas had stopped the drill at 
a well iu Gilmer, while Maj, HotclikiMS, the craiuent Virginian 
who has BO eloquently depicted oitr rich mineral resources this 
evening, and who, although a native of (mother state, has done 
more to develop oiirs than any citizen in it, tells me that a well 
being <irine<l by bia company in Lincoln, has had to shut down 
from the same cause. The gas wells at Warfield, on the Big 
Sandy, and those at Burning Spring, above this city complete the 
chain of evidence that the oil belt will extend entirely across our 
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area from tlie Pan Ilaadle to Kcntacky, for wherever the gas oc- 
curs the heavier Buid is not far away. How moch of luxury and 
eomfort this underground wealth will bring to the homes of our 
state, no man can estimate, but our future in this respect could 
not be brighter. 

With the greatest coal field In the world, giving us an ample 
supply of solid fuel for all time to come ; with tliis great stream 
of liquid gold coursing through our rocks, only waiting to be 
tapped ; with the largest fields of natural gas the world has ever 
seen, to bring comfort aud ease to our homes, where is the com- 
monwealth whose future is brighter than ours? All that we need 
to do is to let the world know what we have. This we must de- 
pend upon our Representatives now in session in this city to ac- 
complish. Business men pay very little attention to statements 
that do not bear official sanction. Hence it is to be hoped that in 
providing for a proper display of West Virginia's resources at the 
approaching World's Fair you will adopt a broad and liberal 
policy. And in whatever yon may do, be sure to make provision 
for the preparation fur an accurate map of the Btat«. The misera- 
ble caricatures that we now have that are called maps of West 
Virginia, although iuflnitely better than none, are a disgrace to 
the state,' so that if yon do nothing else, at least provide a splen- 
did map upon which our wondrous resources in timber, in coal, in 
ore, in oil and gas can be exhibited. 



THE WARRIOR COAL FIELD OF NORTHERN ALA- 
BAMA. 

Uy I'EHHiFon Fbazeb, Fhi]a<li:lpliia. 
The levels above the tide of several points selected to represent 
roughly the average surface plane of northern Alabama in Cull- 
man, Blount, Walker, Winston, Lawrence, and Blorgan counties, 
are thus given in the records of major Fitzhugh, consulting and 
examining engineer Louisville and Nashville raih'oad, to whose 
courtesy I am indebted for them : 

Louisville .vnd Nasievili-k Railroad. '™'Hd^ 

Holena 407.00 

Pclliam 435.00 

Silnrla 484.40 

Calora 904.00 
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Jamison 700.26 

Moatgomory 161,15 

Birming/uim 620.00 

Bo jlc'a (3 nillGS north of last) 524.00 

Newcastle 614.00 

Locust Warrior Bridge 417.35 

WarrlaT SUMun 5*8 .80 

Eold's Station 6'J1.73 

Blount Springs 43S.0O 

Mulberry Warrior Bridge 431.00 

Hancevllle S40.00 

Phelan 6U3.00 

OulVnum 803.00 

Sand Mountalu 018.6S 

Wlllltes 610.00 

Hartsell's 6(16.50 

Flint 575.00 

Decatur 577.00 

The last is a short distance north of any portion of the prop- 
erty in question, and on the Tennessee river. 

BiRMINUIIAM MiNEBAL BaILROAD "-^ 

Gurloy Crook 638.0 

Ourlny'a Bridge 644.0 

Palmer's 733-0 

Oneouta 859.0 

The significance of the above detached data is that the state of 
Alabama, more especially the nortliera half of it, is a strongly 
accidented plane, sloping southwest, which forms a transition 
from the mountainous country of the Appalachian chain, entering 
Alabama from the north and east to the low country of the gulf bor- 
der. It is in this region that the greatest structural feature of the 
eastern part of the North American continent disappears from 
view by plunging below the surface. This fact is a key to the 
proper understanding of its geology as well as of its topography. 
The hills in this country are synclinals made up of elevated concen- 
tric troughs of different stratA lying one within the other, and the 
valleys are broken anticlinals, with sides sloping steeply towards 
the median line of the valley and the rocks dipping on each side 
inward towards the interior of the bills. A rough sketch taken 
from a manuscript section map of the Alabama geological survey,* 
kindly lent me by the state geologist, will illustrate this. 

The anticlinal axes of the Appalachian moiintains descend more 
* Issu cd as part of IheCahaba coal field after the above was written 
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rapidly to the southwest from Tennessee to the gulf of Mexico 
than the draiDagc of the surface, and in consequence the further 
northeastward we go along the lines of these axes from the gulf 
to the Tennessee river the older do the strata covering the surface 
become. The greater part of the area referred to from Tuscaloosa 
to the vicinity of the Tennessee river in a northeast line is formed 
by the Carboniferous formations, — indeed by the Coal Measures 
which form their chief value. Therefore it may be said that along 
this imaginary axis in a northeasterly direction the geological 
"horizon" becomes lower and lower until at some six or seven miles 
below the town of Cullman the botton of the Coal Measures is 
reached and no coal belonging to the Coal Measures proper can be 
expected. It is quite true that there are other deposits of coal 
below the true Coal Measures which are of considerable value and 



extent so near as the state of Tennessee, but the most careful and 
patient search on the part of the State geological survey and of 
private geolt^ists and prospectors has led to the well founded be- 
lief that these beds of coal become so thin towards the south that 
they cannot be mined with profit south of the Tennessee river. 

From this general explanation of the geological strocturc of the 
country, viz: that along the axes of the anticlinals and synclinals 
descending towards the sea the age of the strata covering the sur- 
face becomes more recent, it will follow also that the same must be 
true in proceeding in a direction oblique to the anticlinal valleys, 
for we then mount the synclinal elevations of which the strata have 
been preserved. We should therefore find the most recent strata on 
the top of the lines of hills, and the oldest in the bottoms of the val- 
leys; this is the case, and the amount of the change depends upon 
the width of these elevations; for having arrived at the median 
line of one of them we thereupon commence to descend. These 
changes of "horizon" laterally are therefore limited in amount, and 
recur in similar succession as one traverses the separate spurs or 
Angers through which the Appalachian mountain system dies down * 
beneath the surface in Alabama. 

The more detailed references whit* follow will serve to show on 
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what this view of the writer is based, but at present it ia the aim to 
condense, as far as possible, the results. 

The ' ' Warrior coal field " ia a name given to the productive Coal 
Measures covering a large area in the northern part of the state of 
Alabama, and includes at least four and perhaps more principal 
beds which in descending order are the "Newcastle," Uic "Jeffer- 
son," the "Black Creek," and the "Warrior" seams. Inasmuch 
aa the latter is the lowest, it must be found underneath the out- 
crops of any of the others, but the converse is, of course, not true; 
and while from its greater extent it is quite proper that its name 
should be given to the whole field, one must guard against the error 
of supposing that wherever this bed occurs the other and higher 
beds will also be found. Some erroneous estimates have been due 
to this confusion of terms. 

A digest of the general section of the Coal Measures in Jefferson 
comity, made with great care and skill by Mr. McCalley, the assist- 
ant State geolc^st, from his personal observ-ations, aided by the 
researches of Mr. T. H. Aldrich and Mr. Howard Douglas, is here 
appended, because it gives in elaborate detail all the strata which 
are found in this part of the state, from the Pratt seam down to 
the base of the lower conglomerate. 

It furnishes a complete inventor}' of all the valuable minerals 
within Uie Cool Measures north of the latitude of Birmingham and 
explains why so much of the coal deposits of Alabama is com- 
mercially valueless on account of the thinness of the beds and their 
admixture with slate. It is necessarily introduced here for refer- 
ence in cases when the special coal development of a particular 
TG^on is referred to (pp. 309 and 310). 

The Hoene Warrior and Jefferson Coal company own, amongst 
other properties, about 250 acres of coal lands near the town of 
Warrior, known as the Alabama mines, and 2,704 acres in all, 
including the Brake and Jefferson mines. With the exception of 
a reported coal seam in Mr. Paris' well in the S. W. ^ of Sec. 14 
W., there are no outcrops of cool known hereabouts or in this 
country north and west of the ravines near Warrior station on the 
South and North Alabama railroad, in which arc the mines of the 
Hoene Warrior and Jefferson Coal company, and the Pierce's 
Warrior Coal and Mining company, according to the State report 
The Alabama coal mines are situated about a mile north by west 
from the town of Warrior, in a deep valley between steep hills 
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jaetwestof the LouisviUe and Nasbville nulroad; there are two 
tunnels about eighty yards apart, called respectdrely the North 
and the South Alabama works. 

The measures are nearly horizontal to the eye, bnt in fact dip 
southwardly about 1 foot in 36 feet These drifts are in the 
lowest of the principal coal beds of the coal series or the Warrior. 
At the face of the north opening, undemeath 12 feet of suid- 
stone and shale, is a layer of black-band of about 1 foot 8 inches, 
in contact with about 4 inchra of kidney ore on ita lower surface. 

A flre-clay 3 feet to 5 feet thick is below the coal beds, 

A vertical section gives : 

Sandstone and ahale 13 ft. 

Black-band with base of kldacr ore a ft. 2 In. 

Coal ft. 8 In, 

Slate /I. In. 

Coal 3 fi. in. 

Fireclay 4 U. 6 In. 

A fair sample of the coal was taken from the present working 
lace at the extremity of the drift by the writer, and gave the 
following results : 

Per Cent. 

Moisture (at los" Cent.) 1.19 

Volatile matter , ,, 20,46 

Fixed carbon 84.1(6 

Asb 4.e0 

Sulphur 1.57 

Phosphorus 0.03a 

The black-band la here immediately above the coal. Where 
there is a considerable interval between the two, the expenses of 
mining each are materially increased. The roof is here fine coal 
slate. The mining work is extensive and well done. About 100 
yards northward from the openii^ along the volley is an outcrop 
of black-band in the side of the hill 2 feet t^ick but not pure. 

An average sample of the 20-inch thick seam of black-bond 
from the working face in the drift where it was latest mined, was 
taken by the writer and gave the following results : 

Per Cent. 

Moisture (at 105° Cent.) 0.25 

Volatile matter \ combustible 27.90 

volatile matter... f non-combustible 8.84 

Fixed CLirlMn 30.31 

Ash 43.M 

Ferrous oxide (Fe O) 24.U 
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Ferric oxide (Fe, O,) 10,71 

Carbonic acid None 

Sulphur 0.384 

Phosphorus 0.280 

About 300 feet from the mouth in thia* drift the coal measures 
20 inches. Its analysis will also be found with the rest. 

Throughout the drift the Warrior seam and ita overlying black- 
band vary somewhat in thickness, but more in their distance 
apart. The measures throughout exhibit very great vnriability in 
thickness and relative position, and this is true of the whole War- 
rior field, so far as it has been observed by the writer. Two feet 
two inches seemed to represent an average of the larger seam of 
coal, however. It was slightly less than this at the present work- 
ing face. 

A 4-inch thick clay vein dips south 10°, west 15° near the top 
of the slope. 

This represents the general direction of inclination of the 
strata, but is much steeper ttian the average dip. 

I visited the shore of the Locust Warrior, passing by the 
Watts mines, and the deposit of sand washed out by the river 
and accumulated at one of its bends opposite Turkey creek. A 
specimen of this sand yielded on analysis 96.56 per cent, silica. 
This has been washed out of the numerous loose sand rocks by 
the river, and deposited at the point where its current has been 
obstructed, and the materials in suspension have been allowed to 
fall. There ought to be many such accumulations along this 
Stream, as the rocks are easily disintegrated, the current is at sea- 
sons very strong and rapid and the channel of the river is sinuous. 

This deposit was estimated to be 600 feet broad and ten feet 
thick, tapering off on each side of the elbow in the stream at points 
a couple of hundred yards apart. 

One hundred yards northeast of the sand esposures is a deposit 
of brick clay of good qualitj-. An analysis showed it to contain : 

Silica 78.30 

Ferrous oxide 0.35 

Alumina 13.30 

Its extent was not well defined. Ascending the bill north at 
about 70 feet above the river, a conglomerate occurs with quartz 
and rounded pebbles dipping steeply about south 10 east 

At the Watts mine, a drift is ran in about 60 feet above the 
le^'el of the Locust Warrior, and a coal seam is exposed dipping 
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gently north 10" west, 3 feet thick, and with a strong slate root 
This is on the Jefferson coot seam in the hills, above which hard 
conglomerate is seen, and also a minor seam of coal, probably No. 
16 of the State sTir\-ey General Section of Jefferson county. At 
the foot of the incline leading down from the tipple, and 300 yards 
up the river are the signa of the out-crops of the Black Creek vein 
2 feet thick. 

The Warrior bed is probably far below this (it is thought 250 
feet). 

The Brake mines are situated about 2 j^ miles south by west of 
Warrior town. 

About ten yards in the slope of this minCj an 18-inch coal seam 
dips northwest 10°. The bottom is in soft clay and the top is in 
hard sandstone. At the foot of the slope the Jefferson vein 
appears. 

Thirty feet below the Jefferson seam, but not yet opened up by 
the slope, is the Black Creek. The manager thinks that 90 feet 
more in the present direction of the slope would reach it Here 
again the conglomerate is seen on the bill tops, about 75 feet 
above Uie JefFerson vein. It is in this place a conglomerate of 
quartz and amethystine pebbles, with other rounded stones In a 
matrix of loose, friable sandstone. 

The Jefferson mines, across the riverwere not visited, but it is 
universally conceded that they are on the Jefferson seam, and that 
they include the small coal seam No. 16 of the General Section 
before referred to. In the shaft of the Jefferson mines, the assist- 
ant State geologist makes it clear that the highest bed of coal 
penetrated is a small bed (18 of the General Section, Jefferson 
county, ) which is at least 66 feet below the Xewcastle bed, though 
it has been erroneously supposed that this seam was represented in 
the strata penetrated. It really cuts the strata from 18 to 14 
(Black Creek) of the General Section. 

lu this connection the coal near Bremen, called that of the Bre- 
men basin, by major Fitzbugh, should be considered. 

By following the Stout road about 6^ miles south by west from 
the town of Cullman, the line of coal-bearing hills b^ins to be 
reached. The road is through sandstones and conglomerates over 
which come, in regular succession, the higher measures, as ex- 
plained in the introduction, until finally the real coal-bearing strata 
appear. But many small seams occur north of the line, out of 



doyGooglc 



314 Tke Amencan Geologist. Mar. ism 

which coal haa been iiregalarly picked to supply the needs of the 
neighborhood for domestic purposes. 

The first of the coal openings visited lay innorthwest ^ south 7, 
Range 3, Township 12, almost on the line between Blount and 
Cullman counties. This point is about 13 miles south by west -of 
tlietown of Cullman, and 70 feet lower than the station rail (by 
uncorrected barometer), or 732 feet above tide. The exposure is 
called Day's opening, and a rough measurement gave; 

Sandstone Rnd shalo ? 

Coa) in. 6 In. 

Clay 1 ft. 5 In. 

Coal 2 ft. 1 In. 

This coal ia without question the equivalent of the Black Creek 
bed in Jefferson county. 

Hill's exposure, a short distance from the preceding, is evi- 
dently on the same coal. A secUou of it gave: 

Boof aandstODO ? 

Clay Oft. 3 In. 

Upper Seam ft. 18Jn. 

Clay 1 ft. Bin. 

Lower seam 3 ft. * In. 

The general dip was south 15 degrees east. 
About a mile west of this is the Cullman Land company's open- 
ings, exposing a coal seam in a ditch run in some 60 feet A sec- 
tion of this cut shows — 

Sandstone ? 

Clay ft, 3 In. 

Coal 1 ft, 3 In, 

Clay 1 (t. In. 

Coal 2 (t. ft in. 

Average samples were taken of the lower and upper seams of 
coal respectively, with the following results; 

Spepi meD3drieil»Il08oCent. 

Lower Seam. Upper Seam. 

Per Cent. Per Cent. 

Volatile matter 31.06 36.71) 

Fixed carbon 65.50 42.00 

Ash 3.44 21.31 

Sulphur 0.184 0.078 

Phosphorus .0.017 0.013 

There were numerous outcrops of ferruginous sandstones foun<) 
here, but no iron ore. 
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Cullman County. 
The whole of this connty ia composed of the lower Coal Meas- 
ures, and although io tlie southwest near the Bremen district one 
and probably two, of the lower important seams of coal in the Al^ 
bama field occur, and the whole connty is interspersed with small 
coal seams, yet it is very probable that no deposit of sufficient 
size to make it commercially valuable will be found northeast of 
the imaginary northwest-southeast line six or seven miles south- 
west of the town of Cullman, whitth has already been referred to. 
A small six-inch vein worked in the bed of a creek about three 
miles west of Cullman in the dry seasoD has furnished coal to the 
citizens of Cullman and the neighboring farmers through the enter- 
prise of a citizen of that town. Iron ores have been reported from 
various directions also, but none were observed. 

On account of the report of a valuable bed of coal in the northern 
port of the county on Flint creek, I made a visit to it. About 
a mile or so northeast of the town of Cullman & conglomerate 
occurs, and underneath this is a small seam of coal. This is one 
of the two conglomenites often called the Upper and Lower 
Tennessee conglomerates, which mark the base of the true Coal 
Measures, and the coal occurs in these seams within 12 to 15 feet 
of shales. At about two miles northeast of Holmes' Gap, varie- 
gated shales form the surface rock, lying very nearly horizontally. 
At Drake's house, which by uncorrected barometer is 175 feet 
above Cullman station, or 977 feet abova tide, is the summit be- 
tween Bridge creek and the east fork of Flint creek. 

On the steep hills descending northward to the latter fragments 
of conglomerate appear. A drift has been driven in about 65 feet 
nearly on a level with the surface of the stream, which, when in 
flood, fills it. The fioorof this drift is 415 feet below Drake's 
bouse, or 562 feet above tide (by uncorrected barometer). At 
the mouth of the drift is a verj- lean and dirty coal mixed with 
clay and sand, in all 2 feet thick. The section is as follows: 

Cap sand rock ? 

Lean and slaty loal fl. 1 in. 

Sandstone 1 (t. 6 in. 

Bony coal raised with clay and sand 2 ft. In. 

At the head of the drift the coal runs out altogether, unless an 
extremely impure carbonaceous clay of about one inch in thickness 
may be called coal. This drift proves that the conis of the sub- 
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conglomemte and lower conglomerate measares id this r^ion occur 
in lenticular masses and run out in all directions, forming merely 
roughly defined horizons of fossil vegetable matter. It shows, 
moreover, that in this r^on these deposits cannot be depended 
upon to supply any considerable quantity of fuel with regularity. 

At 150 feet above Flint creek, on the right bank, is a small 
6 inch seam oC coal, 40 feet above which is a conglomerate 8 feet 
thick. Along this ridge between Flint and Lick creeks the same 
small and capricious coal bed is seen always close to the conglom- 
erate. At a natural portico made by a huge overhanging ledge of 
conglomerate from which a small stream plunges to the hilta below, 
the coal was aa impure layer of 14 inches on one side and at a dis- 
tance of 59 feet attout 7 inches on the other. In some places it 
seems to disappear altogether. The measures here seem to dip 
gently southoasL 

A hole had been drilled on the hill northeast of the Flint creek 
drift and about 260 feet above it, which proved the presence of a 
hard conglomerate beneath the surface. 

Almost one-fifth of Cullman county, or that portion I^'ing in the 
southwest corner is underlain by valuable seams of coaL This 
fraction holds the "Black Creek" and "Warrior" seams. The 
territory near Warrior contains, besides, the "Jefferson," and in 
some cases one or two of the unreliable small beds of coal above 
it, but not any so high up in tlie senes as the ' ' Newcastle. "* 

There is also here a workable black-band scam, one element in 
the value of which is that near Warrior it occurs close enough to 
the Warrior coal vein to enable both to be mined at once. The 
relative positions of these veins, as of all other strata in this coal 
field, change very greatly within sliort distances, and it is not at 
all certain that the area over which the ore will be found to be a 
workable deposit is as large as that in which the Warrior coal vein 
may be confidentlj- expecte<l. 

No ores were seen in the portion of these lands i>ersonally in- 
spected which would engage the serious attention of an iron mas- 
ter, though it is quite probable that valuable ores occur on some 
of the detached southeastern sections in other counties. 

Tiie timber in Cullman county is excellent and abundant. Par- 
ticular acres weie found by Dr. Slohr, of Mobile, to contain as 
much as 30,000 feet B. M. and many unselccted acres as much as 
15,000 feet Its quality appears to be admirable. 

•See Sola II. at the end. 
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Since the experiment h&a been made of adding a small qnantitj' 
of guano to each cotton seed planted, the cotton crop on the light, 
sandy soil of Cullman county has been found excellent in quality 
and averaging perhaps half a bale to the acre. The State geolo- 
gist, however, deprecates this employment of the land and thinks 
that the cultivation of fruit and ^'egetables would be more appro- 
priate and more profitable.*^ 

The following statement is taken from the advance sheets of 
the United States Census for 1890, sent to the writer ; 

Product and Value op Coal in Alabama in 1880. 
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The salubrity and fertility of the Cullman lands are unques- 
tioned. The country is well watered and is under cultivation bj- 
the German colony wliich Mr. Cullman has established there, one 
■of the most successful in the United States. The Industrj- and 
sohriet)' of this community are admirable and in striking contrast 
to the shiftless and careless husliandri" which thej' replaced. The 
existence of such a class of fanners in Cullman county is of 
itaelf a strong recommendation of the lands and an inducement 
to further settlement It would be difficult to present this ad- 
Tantage too strongly. 

To sum up : 

The lowest well known workable bed ( neglecting Naber's seam, 
■which seems to be capricious ) is the Warrior, This is a good 
coking coal. Its ash was found to be 3.44, its sulphur 0.84, and 
its phosphorus 0.017 (in the combustible material as well as the 
«sh ). Its si>eciflc gravitj- is assumed to be about 1. 29, or like the 

"See Kote III. at tho end. 
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average of the Black Creek coal given by the State geol<^ca) 
survey. From a mean of six meaanrements of its thieknesa the 
latter wae taken as 2 feet 2 inches, but it has a higher thin seam 
separated by a parting of shale varjing in extent from a few 
inches to 17 feet, and as this small seam only reaches about one- 
foot in thickness it has not been considered here, but in some 
cases will enhance the value of the coal product 

Taking (of the lower seam just mentioned) the above data, 
there will be found an average of 3,798 tons of this coal per 
acre of the ground which it underlies. 

The "Block Creek" seam, or the first valuable seam imme- . 
diately above it, averages 2 feet 6 inches in thickness, and has a 
^>ecifie gravity of 1.362. There are, therefore, 217.15 pouuda 
of this coal under every square foot of surface covering it, or 
4,728 tons of 2,000 pounds to the acre. This is a most valuable 
coal for coking, and is the only one which on account of its free- 
dom from impurities is adapted to ooke ihaking without previous 
washing.* Ad analysis of it given in the State report for 1886i 
p. 302, shows : 

Moisture 1.36 

Volatile matter 31.79 

Fixed cnrbon 64.71 

Ash 0.83 

Sulphur 0.3S 

Its specific gravity (1.20) as given with this analysis is a little 
less than my own experiment made it, but this will not very mater- 
iiJIj- alter the figure representing the number of tone to every acre 
underlain by it This figure is on my own data 4,728 tons of 
2,000 pounds. 

The JelTerson seam is the next valuable deposit above the fore- 
going. 

An analysis of it taken from a long exposed beading where its 
best showing would not be expected, gave me the following re- 
sults: 

The coal dried 
at 106° Cent. 

Volatile matter 28.73 

Fixed i;arboii 64.57 

Ash 6.70 

Sulphur S.S2 

Phosphorus 0.001 

'See Note IV. at the end. 



>y Google 



Warrior coal field of northern, Mabaina. — Frazer. 31* 

Assaming its specific grarity to be 1 . 29 and its average thicknees. 
as great as the Blat'k Creek coal, this would give to the acre 4, 637 
tona. There are also two smaller coal seaniB beneath the main 
bed, but separated by slates aod sandstones of variable thickness 
and therefore not counted here. It may be assumed, then, liiat 
there are 4,627 tons of this coal to each acre which it underlies. 

There is a black-band ore which has been discovered in Jeffer- 
son county high above the Jefferson seam, but as It has never 
been successfully worked and as it only reaches about one foot 
four inches in thickness, it may be disregarded. The important 
black-band immediately above the Warrior coal bed In the Ala- 
bama mines is a most valuable deposit, but ver)- variable iu its 
location, as has previously been said. An analysis of a sample 
which I selected as a f^r average has already been given. 

Its specific gravity is 2.31 (mean of 3 determinations), and its 
average thickness (mean of 5 measurements) is 1.25 feet It 
therefore will average 3,924 tons of 2,000 pounds to the acre, but 
owing to the gi'eut change of its position within short distances, it 
would not be safe to count upon more than half of this as avniln- 
ble for economical mining at present 

The Black-band which usually accompanies the Warrior coal 
bed has not been sufficiently studied in Cullman county to eiuible 
one to predict what its quantity and constancy will be. It is 
likely, however, to become nn important factor iu any estimn'ion 
of value. 

The black-band ore may be looked for anywhere in the riciiiity 
of the Warrior coal, and may, for aught that is known to the cou- 
trary, occur in large quantities, but It is such a variable and fickle 
deposit that, in the alieence of any positive information concern- 
ing it in this region, [ prefer to omit further mention of it here. 

NOTB I. 
The syBteiii ot numbering Mwiuhfpa In Alabama U bued upon &in<-r1i)lui 
run tlirnusb Huiiuvllle (gutieral Goffeu'a line, nblch Uthe Dnlinatelotuppi'i' .Uo- 
bama). ami a merlilian ruii through St. Steplien's by neneral Freeman, wliich <B 
the ordinate for southern Alahainu. The latter finished his work first, and nm aa 
abscisna on a circle uf latitude east and west dlvldlns tlie state into two rnrtn : a 
northern and a vmchem. A township is a horizontal slice across tlie whole Htate. 
Coffee etttablislicd twenty -two townslilps From the northern boundary ot Alabama 
to Freeman's line, and Ihey are numbered 1. 2, 3, etc.— sonlh. Freeman entab- 
lished tweiit^-tour towiwliips. conntinK 1. 2. 3. etc.— north from tlie nortliem 
boundaty of Florida. The " ranges " are the dlatanees along the northern edge ot 
a towuHliip sii miles long, and are counted 1, 2, 3, etc., east or west of the meri- 
dian from which they are measured. The numlier of the sections in each of tlieaa 
raDBes is besnn at the northeastern square mile, and proceeds west to the limit ol 
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tlie ranse on the upper tier, descending to the a^oining square mile or section on 
tlie second tier, and returnlnir back on tliat liec to the meridian of ilie atanlnK 
point, deecendiiiK here to the Bdjoining- section of Ilie lower tier, arid (1ms tlgiag- 
Kii]K till the last section of that raiige is reached at the meridian of atartii^. These 
secUona are each divided into quartor sectjons or squares of half a mile on the 
aide, and are called north BHBt. nortliwesl, southeast or soutliwest quarter sectiona 
of such a seetion, range, and township. 

The above information Is from Mr. Wilson, assistant to major Fitzhosh. 

SOTB U. 

ThelollowinKis an extract from page 83 of the State geological report for IgSS: 
" ThoDgh tlie soils of this county are nalurall/ poor for our great staples, cot- 
ton and corn, still by frequent light dressings, Judiciously applied, of a compost 
containing lime, they can be made to average two liundted and fifty pounds of 
Unt cotton to the acre, of much better staple than that of more favored regions. 
Tliey can also be made to yield some twenty-flve bushels of corn to the acre. 
These producla. Iiowever, are not the crops for the "Hill country of Alabama:" 
and, the sooner our people find it out. the better it will be for them and the State. 
Tlda moantun soil, vrith a little strength aning, as well as tlie climate. Is especi- 
ally adapted to the raising of fruits, vegetables and grasses, and In proportion aa 
these crops are cultivated, and cotton and com let alone, will this beautifnl and 
bealthy region blossom and bear fruit." 

NOTK III. 

In the official Stale geological report for 1886, the section of strata found In 
the Jefferson minoa Includes the secies of the general section from below the 
Black Creek seam (No. 14) to Ko. 18. The N'en-castle seam Is No. 21. and Is there- 
fore not included. This la also madestill more cleat from the blue print of the 
region Vindly made for me hy major Fitzliugli. on which the outcrop of the Nev- 
castle vein la seen to enclose a region entirely lo the south of the Wartior, Brake 
and Jefferson mines. 

NOTB IV. 

It Is in the opinion of the writoi a mistake to use the coke made from the 
Pratt. Kowoastle, Jefferson and Warrior seams without previous prepataUon. 
Favorable contracts for preparing these coals for coking could be made, which 
would leave a good proUt to the coke manafocturor. while the efficiency of the 
coko would be thereby raised. By washing, tlie percentages of ash, phoaphoms 
and sulphur would be reduced, and tlie product would be made equal In value to 
Coiinellsville or Pocahontas coke. 

The Black Creek coal seam seems to be the only one which is free euough 
from these impurities to warrant its use without preparation. Tliese obaeivatlons 
are made with deference to the large experience and extensive knowledge of Iron 
making of the iron masters of Alabama, and without such a systematic stndy of 
tlio subject as would be necessary in order to enable the writer to discuss the 
question on eqnal terms with them. Nevertheless, the conviction ol their gen- 
eral correctness grows stronger with every addition to the writer s store of facts. 
It would be well to allow the experiment to be tried in a small way in any case. 



LAKE SUPERIOR STRATIGRAPHY. 

By Ani>sbw C. I^wsok, Berkeley. 

Ill a recent paper bj- Prof, ^'nn Hise, entitled "An attempt to 

linrmonize some apparently conflicting views of Lake Superior 

Stratigraphy,"* a new view is advanceil as to the position of the 

*Am. Jour. Sci. Vol. XLI, Feb., 1801. 
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dividing line between Archcean and post-Arcbsean in the lake Su- 
perior region, which seema to me to be fraught with confusion to 
this branch of geoli^ical inquiry and to be based upon an under- 
valuation of some important conditions which obtain generally in 
the region. The new information given us by Prof. Van Hise is 
of the most interesting character and will do much to harmonize 
Bome seemingly condicting views ; it is therefore to be regretted 
that tlic approximation to harmony which he seeks to establish 
uiiouid be marred by an utterance which is not only out of ac- 
cord with the very commonly accepted view as to the upper limit 
of the Archiean, but is in startling disconi with the significauce of 
facts which have been well authenticated. 

It is with much reluctance that I offer this criticism. For the 
most part Prof. Van Hise and myself are, or at least have been, 
in agreement as to the interpretation of the main facts of lahe 
Superior geology which have come under my notice ; and if the 
new view now atlvanced by bim involved simply a matter of e.\~ 
pediency or nomenclature I should abstain from adverse criticism, 
ao tliat our general agreement might not be confounded with a 
disagreement on a minor point It appears to me, however, that 
this new suggestion involves a bad principle which it would be un- 
wise to pass unchallenged. I am constrained, therefore, to ven- 
tilate the subject, feeling confident that I shall suffer no con- 
demnation at Prof. Van Hise'a liands should I succeed in showing 
that he has overlooked, or is not cognizant of, considerations 
which if placed in evidence must logically force him to modify his 
present judgment 

During the time that I have been at work northwest of lake Su- 
perior, no general truth has been brought bome to mo more im- 
pressively than the fact of the individuality, so to speak, of the 
Arohieau complex. By the latter term is meant, in accordance 
with the usage of nearly all previous writers on this Held, the com- 
plex of rocks upon the profoundly denuded remains of which tlie 
Animikie strata of Thunder bay rest in strongly marked un- 
conformity. It includes all the rocks which existed as geological 
formations prior to that epoch of denudation which produced the 
truncation of the pre-palfeozoie continent and prepared the ttoor 
upon which the Animikie and its equivalents rest. How great 
was that epoch, how stupendous is the evidence of its duration, 
and how important it is as a geological base line I have attempted 
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to show Id a former paper.* In that complex there are recogniz- 
able, in the r^on which I have examined, at least two great 
groapa of stratified rocks, the Coutehiching and Keewatin, with 
a probable anoonlormity between them. This onccmftMrmitjr is in- 
ferred not from incongraity vft disccvdance of structoral planes 
bat from the aharp contrast in the litholi^ of the respective for- 
maUfMiS as indicating a change in the condidon of rock forma- 
tion, and from the presence of conglomerates near the base of the 
Keewatin as indicating a period of erosion. These two groups of 
strata have been folded and welded together by the same crust- 
crumpling forces and both bear identiGally the same relations to 
the great batkoUtes of Laorentiaii gneiss and granite. That relation 
as 1 have elsewhere attempted to make clear is one which has 
■arisen from the irruption through cnistal rocks of a sul>cmstal 
granitic magma. At the time when this irmptioa transpired the 
Coutciiiching and Keewatin rocks co-existed forming the lower 
part of the crust, and they were together pierced and invaded by 
the common sub-crustal magma. The evidence which establishes 
this proposition ia explicit and has been set forth in detail. It is 
this great and incontrovertible fact of the simultaneous invasion 
of lx)th Coutchiching and Keewatin by the magma now recf^iz- 
able as Laurentian foliated granite, which knits the complex to- 
gether and gives it an individuality and totaiitj- nnique in struc- 
tural geology. Briefly then we liave these considerations be- 
fore us I 

1. In their relations to the complex as a whole and to the 
Laurentian granites and gneisses which bind the complex together 
as a matrix, the Coutchiching and Keewatin are entirely similar. 

2. Both were firm brittle rock formations at the time when the 
Laurentian bathoiites were undifferentiated molten magma, hence 
by tiie criterion whereby the age of rocks in a geological sense is 
usually determined both are of younger age than the Laurentian 
which invaded them as irruptive masses. 

3. The whole complex, constituted as above sketched, ante- 
elates the great pre-paleeozoic hiatus or erosion interval which ia 
probably the greatest in American geologj'. 

4. The above three statements are arrived at practically inde- 
pendently of any considerations as to the lithology or original 
character of the strata of either Coutchiching or Keewatin. 

of Canada. 
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It would seem, therefore, in view of these conaiderationB that the 
last thing which the geological taxoDomiBt would attempt, would be 
to separate one of these groups from the complex and say, "It is 
{)oet-Archsean, " and of the other, "It is Archiean." Yet this is 
what Prof. Van Hise, by some unaccountable misconception of 
the reality of things, proposes to do. He draws the line between 
Arctuean and post-Arcluean at the summit of the Coutchiching. 
-One phase of the confusion which arises from such a step is ap- 
parent from a glance at the table at t^e end of his paper. For, 
the Keewatin being placed as post-Archiean, we have this unde- 
sirable incongruity presented to us of the Laurentian rocks which 
are irruptive through it designated under an older period. If the 
Keewatin is post-Arcluean the Laurentian is a fortiori so. The 
old idea of the Laurentian of the lake Superior r^on being a 
pre-existent basement upon which the Keewatin and Coutchiching 
have been deposited surel]' does not linger in Prof. Van Rise's 
mind ? 

In seeking the reasons for Prof. Van Hlse's suggestion to call 
one member of this greut fundamental complex Archtean and an- 
other post-Arcbiean, or at least the influences which led him to it, 
I find two fairly distinct propositions which form to a large extent 
the )>asis of his argument. One is that contained in ttie opening 
paragraph of his paper and constituting an important factor in his 
classiScating scheme, viz. , that the plane which forms the upper 
Limit of the Coutchiching is a plane separating a granitc-soUist 
complex from an upper clastic scries. This is an erroneous idea. 
The plane in question has not the signiflcanee ascribed to it 
The granite-schiflt complex exists on both sides of this plane with- 
out any question whatever. The proposition further seems to 
Imply that there ig a granite-schist complex of which the schist 
constituent is different in its origin from the schists on the upper 
aide of the plane. An hypothesis of that character should not, 
it seems to me, enter into a classiflcation of geological formations 
or groups of formations. The fact that the original character of 
certain schists of the Archsean is not fully demonstrated by the 
published evidence should not warrant their being separately 
classified as schists or "crv-stalline schists" par-excellence. Such 
a usage of terms carries with it the implication that there are no 
-crj-stalline schists in the "overlying elastics, " while as a matter 
of fact not only are crystalline schists abundant in the Keewatin, 
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but in otber regions fossiliferoua strata are known which are not a. 
wbit less "crystalline schists" than the Coutchicbing rocks. 
In my judgment there is no portion of the Archaean to which the 
term crystalline schists can be appropriately applied to the ex- 
clusion of the other parts. There are true crystalline scliists in 
all parts of that complex. The t«mi "schistgrantte-gneiss com- 
plex " which Prof. \'an Hise uses to describe the Archtean is ap- 
propriate and is graphically expres3i%'e of the salient features ot 
the Arebfean. The error which he falls into is in not reci^nizing 
that the Keewatin is part and parcel of that ' ' schist-granit«^eiaA 
complex." The second proposition which Prof. Van Hise uses 
as a basis of argument is that the physical broak which he de- 
scribes between his Upper and Lower \'ermilion is the equix-alent 
of the break between the Animikie and Keewatin. That also is 
an erroneous idea. I have little or no doubt of the reality of the 
break which Prof. Van Hise describes not onlj- in Minnesota but 
elsewhere. I have Ijeen cognizant of evidence of such a brealc 
since the summer of 1889 which I spent in the Hunter's Island 
country. I interpret the unconformity in Ontario and Minnesota, 
however, very differently from Prof. Van Hise. The position 
assigned to this break by Prof. Van Hise leads him to correlat« 
the " Upper Vermilion " fragmental rocks and those at Kamminis- 
tiquia with the Animikie. A study of the stratigraphy of the 
region has demonstrated to me that such a correlation contradicts 
the facts. At Gunfliut lake, on the International Boundar}', the 
Animikie rests on the Archtean, bere composed of a complex of 
Laurentian granit&gneiss and Keewatin schists, in pronounced 
unconformity. The Archaean schist-granite-gueiss complex waa 
profoundly denuded before the deposition of the Animikie which 
lies in almost undisturbed attitudes on its truncated edges. This 
unconformity has often been described and never questioned. 
Now, the same Laureutian granite has been traced by me in 
well bared, continuous exposures from Gunflint lake for 15 miles to- 
the north side of Saganaga lake where it is again seen bursting 
through the Keewatin schists with abundant and clearly observable 
evidence of irruption. Included in the Keewatin rocks are the " Up- 
per Vermilion'' fragmental rocks or Ogishke conglomerates with 
their associated grits aud slates. The conglumcmtes come tli- 
rectly against the granite and the latter is irruptive through the- 
whole. Thus the Ogishke conglomerate is older than the Saga- 
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naga gntnite upon which the Animikie rests unconformably. In 
otiier words the break which Prof. Van Hise deacribea Is within 
the Keewatin group and woald seem simply to divide that group 
into an upper and lower series. Corroborative evidence of this 
is seen on following the ulastic slates which accompany the Ogishke 
conglomerate, through to Basswood lake. There they are seen 
in contact with the Basswood area of Laurenttan granite-gneiss 
and the contact is again irniptive. These observations are 
given in advance of a geological report on the Hunter's Island 
region which I have in preparation but which may be delayed some- 
what in pablication. Other arguments might be advanced but I 
have, I think, given sufficient to demolish the correlation of the 
Ogistike or "Upper Vermilion" with the Animikie. 

As to the Kaministiquia rocks I have simply to say that Prof. 
Van Hise's visit to that district must have been very hurried or be 
would have observed that the same fragmental rocks which he re- 
fers to, come out close to the shores of Thunder bay and form the 
basement upon which the undisturbed Animikie rocks rest with 
the same strongly marked unconformity as that exhibited at 
Gunflint lake. They are here intimately and apparently insepa- 
rably involved with other Keewatin rocks and the whole group is 
again invaded by Laurentian granite so that there is no possibility 
of correlating these rocks with the Animikie. With reference to 
the Huronion of lake Huron I have long been of the opinion that 
there were probably two groups of rocks included under that 
designation. As to the geological position of these Huronian 
rocks I have always been in very much doubt and am as far to-day 
from any settled opinion on that point as I nas when I first looked 
into the question. The earliest descriptions of Huronian and the 
investigations of Irving go a long way to show that some of these 
rocks are the equivalent of Animikie. The original observations 
of Murray and the more recent ones of Barlow* indicate that there 
is a portion which bears the same I'clation to the Laurentian as 
does the Coutohiching and Keewatin. On this latter point the 
evidence is more explicit and satisfactory to my mind than that 
favoring the correlation with the Animikie, The unsettled condition 
of .the Huronian question is a great hindrance to the progress of 
clear and correct ideas in an extensive field of geological research. 
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A critical re-ezamination of the region north of lake Huron i8 al- 
most absolutely necessary to further satisfactory progress. It 
has occurred to me that it might not be out of place for the loter- 
nationai Congresa of Geologists at its coming session to take cog- 
nizance of this necessity and nominate a commission to prose- 
cute the investigation of the field. The problem might be re- 
garded as an iutemattoual one, the field being along the boundary' 
and the interest equal on both sides, so that the commission might 
act in harmony with the United States and Canadian geologiciU sur- 
veys, 

Pi-of. Van Hise finds as a result of his present classification of 
the lake Superior geolt^ical groups no use for the term Ontarian 
which I suggested some time ago as a useful it not necessary one 
to include the different rock groups of the upper Arehiean. That 
classification toeing shown to be untenable the necessity for such 
a comprehensive term appears all the stronger from a consideration 
of Prol Yan Hise'e table. There he places an fmiptive unoon- 
fonnity between the Laurentiao and the Coutehicbing. This ir^ 
ruptive unconformity occurs between the Laurentian and VbA 
tytttm of strata of which the Coutehiching and Keewatan are coD- 
sdtueat groups. This system comprising two, and possibly more, 
groups, seems to me to require a name, the necessity being even 
greater tiian the need of Algonkian to include Animikie and 
Keweenawan. 

As a substitute for Prof. Van Hise's table of dasaiflcation I 
offer the following for the region northwest of lake Superior : 





Aloomkian 
Sybtem. 


Keweenawan or Nlplfon 
Group. 




PAL^O- 


U neon form it J. 






Animlkle Group. 
(PoMlblr Huronlan.) 





Unconformtty— Greateat erosion interval In AniericaD Geology. 
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ostabiam 

Systku. 


EeewatiD Oroup. 
(Possibly Huronlaa.) 


Upper Serlea. 




Vsn Hlse'9 Break. 




Lower Series. 




Unconformity? 




^AN. 


CoutcblchiDg Group. 






Ierpptivb Un- 








Laobbmtiaji 

Systbm. 







Jfote.— While writina oil tliin subject it may be well for m 
Prof. Aleiander 'Winchell was in error in supposInB, aa ftppears __ 
Ills recent paper, ■'American opinion on Che older rocks.''lhat I e 
the AnimikieandKeweenawanaspattot the Archman. Ihavene*- 
that idea f or a momeiic and have been entirely misnnderatood o^ .„ 
my late lamented friend aud lellow woclcet in lake Soperior geolOBy. 



ON MELANOPHLOGITE." 

Br A. Btrbho. Olewen. 

In the twenty-aeventh volume of the Oberh«»M Oet,/ilr Jiat. u. 
Heilhmde, p. 123, I hare offered some observations on melano- 
phlogite in which I announced that the material at my command 
contained no SO, but sulphnr in a different combination. Re- 
cently different works by Pisani and eapecially by G. Friedel 
< Sohn ) in which a content of SO, is annoWced as certain, arouBed 
in me aome doubt as to the correctneBS of my results, and es- 
pecially it appeared to me aa possible that my specimen may not 
have been a true melanophlogite but a pseudomorph of melan- 
ophlogite after quartz or opal. After more extended examination 
I have discovered however that this doubt was notjuatifled ; for I 
found in the aame material in which I had been unable to find any 
SOj in solution in HFl, 3.82 per cent of SO, in a decomposititMi 
in NaCOy Nevertheless I repeated my efforts with every con- 
ceivable precaution and variation, to show the presence of SO in 
the fluoric acid solution, but without reaching any other result 

As it was BO well established that my sulphur-bearing melan- 
ophlogite contained no SO,, I knew the sulphur present in it was 
in some other combination. 

If now melonophlogite contains, in the indicated absence of a 
•Translated from the 29th Ber. d. Gberh. Oea. f. Namr. u. BeiUt. 
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corresponding anion with metals, aulphur in the form of sulphide 
of silicon, then, in the treatment with HFl during the eolutioa 
of the SiO,, the SiS, must on becoming free, combine with H,0 
to form SiO, and H^S. In fact, when a half grain of the ma- 
terial already examined, a mixture of melanophlogite crj'Stals of 
a specific gravity 2,044 with pulverized opat, was overflowed with 
HFl in a platinum dish, H,S was produced, which made itself 
' apparent as such not only by the odor but also by the reaction 
with lead-paper. This is, in my judgment, a characteristic re- 
action for the presence of SiS„ for it appeared also in red heat, as 
in the destruction of organic substance. Still one might be la 
doubt whether there is a mechanical mixture or a chemical union. 
The noticeable constancy of the composition in all analyses hith- 
erto made indicates a chemical union. If we take the mean of 
aU the analyses hitherto, that is SiO,= 91.69 and SO,=:5.85, as 
foundation, we can from them calculate the formula SiS,-|-42SiO, 
(Si„0„S,). From Friedel's formula, SO,+20SiOj, is derived 
in like manner the formula SiSj-t-39SiO,. 

If it be desired to determine the sulphur directly, dissolve sil- 
vetK>xide in es-cess of hydrofluoric acid, and after adding some 
water to the pulverized melanophlogite treat it with this liquid 
until the mineral has entirely disappeared. The result is a black 
precipitate of Ag,8 which can be filtered out and analyzed. In 
this manner I obtained from 0.4993 grains of melanophlogite, of 
a specific gravity of 2.044, 0.071 grains of Ag,S, corresponding 
to 1.84 per cent, of sulphur (or 4.5 per cent of SO^), whereas I 
had before obtained 3.82 per cent, of SO, from the solution witb 
Na,COj. This number was then somewhat too low. After rtd 
heat I obtained with tiae silver solution 1.28 of 8 (3.2 per cent 
of SO,). With the same solution of AgFl in HFl I obtained 
from very thin scales of melanophlogite on crystals of sulphur 
0.58 per cent S in the test with silver solution, and in the de- 
composition with saltpeter and soda I obtained 0. 5B per cent of S. 

As to how the variation in density of melanophlogite, as 
pointed out by me, may be explained, I cannot yet state, owing 
to insufficiency of material, as well as tlie question of pseudo- 
morphs. On the other hand it appears to me possible that the 
acquiring of a black color in the presence of heat can be attributed 
to the formation of iron- sulphide, as melanophlogite always con- 
ttuns some iron, 

Giesttn, March 3, 1891. 
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Editorial Comment. 

EDITOEIAL COMMENT. 



The oldest fish remains known. — The most important 
announcement of paleeontological discovery duriog the past 
season is that recentlj made by Mr. C. D. Walcott of tbe 
U. S. Geological Survey at the occurrence of flBh-remMOB 
in the Lower Silurian rocks of Colorado. The Silurians of 
Herefordshire and Shropshire in England have long been known 
to contain abundant relics of the early vertebrates, but these re- 
mained for many years the only recognized traces of this sub- 
kingdom below the Devonian strata, for though similar discoveijes 
were reported from Bohemia and the Hartz, yet as the accompani- 
menta of these indicated Devonian rather Uian Silurian date they 
have been regarded as of later age, especially as the fossils be- 
longed to genera considered in England to characterize the 
DevoniaA rather than the Silurian strata. {^UrolepU, CoccoiUut 
nnd (Ttenacanthui.) 

The island of (Esel in the Baltic sea is thus far the only 
European station outside of the British Isles which has yielded 
indications of a Silurian fish-fauna. These were of an affinity and 
in associations which confirmed the inferences from the English 
specimens as to the nature of the earliest vertebrate life. They 
were in both cases of the same type and consisted of simple shields 
of one or more pieces covering the dorsal and perhaps also the 
ventral surfaces of the animal. The fossils belong to the genera, 
Ogathaipis and Scaphaipis, if indeed these were not parts of the 
^ame species. 

In 1885 similar remains were found by Dr. E. W. Claypole in 
the Onondaga rocks of Perry Co, , Pa. , on a horizon a little lower 
than the Lower Ludlow of England from which the oldest speci- 
mens there found had been obtained. These form the genus 
Palceatpii. He also announced a spine (^Otichus penngj/hanicut) 
from the Clinton beds indicating the existence of elasmobranch 
fish at a yet earlier date. 

In 1888 Mr. Matthew discovered in strata referred to the Lower 
Helderberg in New Brunawic:k remains of a similar nature indicat- 
ing the existence of fish in the seas of that region in Silurian 
time. His species is Diplmpit acadica. 

The last find which has called out this note was made as said 
above by Mr. Walcott in a collection of fossils found near Cafion 
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Qty, Colorado, by Mr. T. W. Stanton. The find was so suTpris- 
ing that a second collection waa made from the oame place aad as 
it confirmed tbe previous deduction Mr. Walcott himaelf went out 
to the spot in December last and on examiiiati<Hi found that the 
bed from which the remains had been obtained lay about 180 feet 
below others conttuning well characterized invertebrates of Tren- 
ton age. He therefore concludes that the existence of fish in 
the Trenton series is establi&ed. 

It is worthy of note that Mr. Walcott's fossils indicate the 
presence of elasmobranohs as weli as of placoderms and in that 
respect confirm previous observations. Should bis suspected 
demonstration of notochordal relics among his fossila prove correct 
it must remove all doubt regarding the vertebrate nature of these 
earliest known fish. 

It now remains for some one to discover the ancestors of these 
Trenton flsh in rocks of older date for it is not possible to believe 
that they were the primeval vertebrates. 



EEYIEW OF EEOENT GEOLOGICAL 
LITERATUEE. 

The Petrography a-nd Structure of the Ptedmonl Ptotoau in Maryland. 
B; Oeosoe HuNTiKOTOK WiLiJAiis,of John? BopktDsUDlversU7. Wltb 
a supplement on A geoloylcaZ section acroM the Piednwnt Plattau In 
Uaryland. Bj Chaxles R. Eeyeb. Bulletin, G. 8. A., vol. II, pp. 301- 
31S, with a plate map, and two seiitiona In the text; and pp. 310-322, 
with three figures lu the text ; March 15, 1391. The rocka of the west- 
ern part of the Piedmont area In Maryland are semi-cry stall Ine, con- 
sisting of pbylUtcB, sandstone, and marble, with very scant; ernptive 
rocks, the last being represented only by Mesozoic diabase or b; serpen- 
tine whose origin is still In doubt. The eastern part of the area Is 
strongly contrasted with the foregoing, as It consists of highly crystal- 
line rocks. Including sedimentary gneisses, quartzltes, and dolomite, and 
eruptive rocks of very gr^at variety and abundance. 

Professor WiUams writes ; "Bocks whose eruptive origin Is either 
undoubted or most probable cover at least half of the now exposed sur- 
face within the eastern or more crystalline area, A much less propor- 
tion can be assigned with any degree of probability to sedimentary 
formations, while the remainder possess the characters of both classes 
to such a degree that their origin must still be considered as unde- 
cided." In many places the eruptlves " have suffered hardly less com- 
plete foliation and metanorphlsm than the sediments which surround 
them, while in both this action Is far In excess of what has taken place 
In any portion of the western area." 
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SectifiDB croBsing the Piedmont plateau show throughout very steep 
or vertical or overturned dipe; and It is believed that they comprise 
many sharp lolds and faults. The most probable hypothesis of the 
Btrnctnre ot this area in Maryland, accordlog to Prof. Wllllanis, aup- 
poaea that the eastern rocks are far more ancient than the western and 
extend beneath the latter, forming the floor on which they were de- 
posited ; and that this crystalline floor, previously much folded and 
metamorphosed, underwent at least one more folding after the western 
schists had been laid down, the tatter then acquiring their cleavage and 
partial metamorhlsni. 

The section stodied and described by Mr. Keyes extends from Catoc- 
tin mountain southeastward across Bugarloaf mountain and onward to 
Washington. It includes the foesltlferous Frederick limestone, which 
is referred to the Trenton period. 

ElecCro-Chernicol Analy»l». By Edgar F. Suith, 13mo., 116 pp. 
Philadelphia, P. Blaklston, Son &. Co., 1890. 

This little volume will be useful to those students and others who 
wish to become acquainted with the methods of quantltlve aoatyais by 
electrolysis, which are generally omitted from the larger textbooks. 
It contains also a historical review of the Introduction of the electric 
current into chemical analysis. 

Geological Survfy of Kentucky. Report on the geology of WhUeley 
comity and port of PuIasW. With plates and other illuatratlons, 44 pp. 
Roy. Oct., and a geological map. By A. R. Crandall. This la one of 
thoae admirable county reports for which the Kentucky aurvey Is well 
known. The geology of the county embraces a range from the Coal 
Measures to the Devonian ; and covers a belt which Is well known tor 
Its bold topographic featurea and contrasts, from Ohio to Tennessee. In 
the soDtheaatern part of the county the geology and topography are 
varied by the Pine mountain fault, which runs northeastwardly and 
which causes the exposure of the lower members of the Devonian In the 
midst of an area of the Coal Measures. The report gives the details of 
the stratigraphy Involving the separate beds of coal, and Is flnely Illus- 
trated by several plates ot reproduced photographs ot Important topo- 
graphic and acenic landscapes. 

There Is, however, one defect which we note in this report, one which 
we have noticed In several of the Kentucky reports — It has no daU. 
From cover to cover there Is no evidence to show what year In the ad- 
ministration of Prof. Proctor the report was publlahed. 

Oeologlcal Survey of Kentucky. Report on the geology of Cllnttm 
county, with a map. By R. H. Louohridqe, pp. 48, Roy. octavo. Sub- 
mitted Feb., 1S90. This county ranges from the lower Coal Measures to 
the Cambrian {Hudson River), descending from the southeast toward 
the northwest. Poplar mountain, and some hills further west, consti- 
tute the extreme western limit of the Cumberland mountaliia within 
Kentuclcy. The author gives various local sections and some chemical 
analyses ot coals. Oil and gas have been known In the county for sev- 
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eut; jreara. Borings mode for salt water were ancojed by the outflow 
of gas and oil at a depth of atwut 300 feet, but these aubstancea have 
never been brought Into economic notice. The report gives also the 
results of an examination Into the soils, both chemical and mechanical. 



COEEESPONDENCE. 

BxcOKsioK AcBoas Long Jsi.a.nd. Having spent a vacation ot four < 

weeks last aummor at Eaatport, L. I., N, Y,, near the centre of the 
Island, an opportunity was afforded of renewing my study of the drift 
phenomena on that wonderful tittle isle by the gate of the sea. During 
my stay, at Eaatport I made an excursion across the Island to Wading 
Blver. A walk of about three miles brought me to the so-called " Back- 
bone " supposed to mark the terminal front of part of the great continen- 
tal ice-sheet, or Laurentlde glacier. The boulders begin to be quite 
plentiful and the glacial till Is oaally recognized. 

After leaving Manor howe,ver, the boulders begin to disappear and 
few are aeen In crossing the Elverhead valley— an old subglaclal river 
channel — until Wading Kiver Is reached and where the northern aeries 
of hills riae along the sound. Here again the erratics are met with In 
abundance and arc much larger than those seen along the line of the 
terminal moraine at Manor. I had been Inclined to believe that geoto- 
glats were In error in aupposing that these two moraines represented 
two separate Glacial epochs, as I never could see any evidence of more 
than one, but thia trip across the island tended to shake my faith In the 
one glacial movement, for If one ice-sheet covered the whole Island at 
the same time, how Is It that no boulders are found In the Intervening 

At first I was sorely puzzled. Another problem presented Itself. I 
saw that the boulders at Wading River far exceeded In size any we had 
noticed along the southern ridge and It occurred to me that this was 
proof of two distinct Ico-aheets, for one glacier would not be likely to 
drop all of the large erratics on the north side ot the Island. 

A subsequent visit to Rock hill, however, cleared away some of those 
doubts, for there on the very summit of the southern ridge, or back- 
bone as it is called, waa an Immense boulder similar to those at Wad- 
ing River. The natives have been quarrying from It for the past hun- 
dred years or so, and yet this erratic from which the hill derlvea its 
name. Is more than fifty feet in circumference and about twenty feet 
In hlght for It stands up among the pines like a huge monument, or 
obellak, In the desert. It ia very impressive. It looks as If It might 
have been dropped by floating Ice. but it would bo strange if floating Ice 
would drop its burden directly on the summit of the terminal moraine ; 
besides this huge erratic lies directly In the path of the glacier on Its 
" march to the sea." It Is a coarse gnelssic granite and must have been 
torn from the same parent rock as those of the same kind seen at Wad- 
ing River. 
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I am more thui ever conviaced that the two series of ridges belong to 
one and the same Qiacial epoch. The absence of boulders in the valler 
can be explained, I think, Id this way, that a glacier partakes ver; 
much of the character of the gronud over which It passes, and really 
the surface part of the Island is a cost, so to speak, of the mainland. 
Portions of the ice-sheet were freighted with bonlders and parts of it 
were not. In general, of course, the erratics Itecome smaller to the 
south, and this system, tor it Is a system, of moraines and boulderless 
valleys or depressions, may go far to account for the so-called " fringe." 
The true terminal moraine has yet to be defined. 

Louimi^ilE, Ky., March 23, lesi. Johs Bbyson. 

CRETACxons AND Tektiahy STRATA NEAK WiLMiNOTOw, N. C* Amer- 
ican geological literature contains many references to the Eocene 
beds of Wilmington, N. C. and the Cape Fear river region and to the 
occurrence of Cretaceous fossils In them. This commingling of Cro- 
lacoous and Tertiary forma has been denied by some authors and of 
thoao who accepted the fact some have held that the species wore actu- 
ally contemporaneous, others that they were raechanicatly mixed by the 
breaking down of fossDlferous Cretaceous strata during Eocene time. 
Dr. W. B. Clark who has published-t the latest observatioos on these de- 
posits, gives positive proof of the commingling of faunas and states bis 
belief that they were mechanically mUed. 

During a recent visit to that region the writer found the probable 
source of the Cretaceous forms in a bed of highly fosalliforoua siliceous 
limestone of Cretaceous age which lies Immediately beneath the zone of 
Tertiary phosphatic conglomerate In which the commingling occurs. 
The Tertiary section varies from point to point and Is never more than 
a few feet thick. At Castle Hayncs, 10 miles north of Wilmington, and 
at Rocky Point, 30 miles north, it may be described as follows : 

1. White limestone with many Tertiary and perliain alew Grelaceous toe- 

siis ■ a to* ft. 

2. ConKlamerate of greeniali phoapliatic pebblca. uaaally cemented with 

lime, in some places imberlded In sandy olay. sharks' t»«th and 
Tnrilni-v innllnoi-jt and corals nre numeions. Cretaceous toasila also 

• •3 to aft 

Thia last named layer is exposed in the bank of the creek at Castle 
Haynoa and a considerable quantity of It has been quarried from be- 
neath the conglomerate In the phosphate pits at the same place. It has 
also been found In the deeper pits at Rocky Point, though at the time of 
my visit It was covered with water. There were many fragments of It 
lying on the dumps there, some of them with the phosphatic conglom- 
erate attached to one side. It Is possible that some of the Cretaceous 
species that have been enumerated by various authors as coming from 
the Eocene were really taken from this lowest stratum and mixed on the 
dump, as no previous wriler baa mentioned the existence of this Greta 
ceous bed though several have stated that the Tertiary rests on the 
green sand marl. 
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AmODR the lossUs of No. i 

CwdlDiD eufoulense Con. , », 

EiogTM coataU Snr. Oatrea sntaiiatuuibi L. & 3. 

Aphrodlna tippana Con. CraaiAlelU pteropsli Cpn. 

CocnllK* an^'OBB Mort. Trinools dlvuicata Taoiiiey>T. ancall- 

costa Qabb. 

Most of these forms are very numerous And there are Beveral others 
not fully fdentlfled, bat noDe of the Tertiary forms so abunclaiit In the 
overlying beds are fonnd In No. 3. 

The enfatence of a. highly fofisilferous Cretftceona stratum In contact 
with theTertlar^was the one fact needed to complete the eiplanatloo of 
a mechanical mingling of the faunas and It Is, therefore, deemed worthy 
of publication. 

XT, S. Qeotogical Survey, T. W. Stahtoit. 

WatMngUm, D. C, AprU 9, 18S1, 



PERSONAL AND SCIENTIFIC NEWS. 

An Australian Sample opGoLDhas analyzed as high as 99 per 
cent, gold and the remainder silver, with iron and copper. Again, 
a sample of gold from Transylvania contained as high as over 38 
per cent of silver. But the average purity of the gold found all 
over the world is about 85 parts gold and the remainder silver, 
with iron and copper In greater or less quantities, together with 
traces of the rarer metals. The average flnenese of California 
gold is about 88 per cent of gold. The average of Australia is 
about 92 per cent Of the best grade of Nova Scotia 97 per cent 
Of Chili, the average is about 82 per cent. Of Russia, 93 per 
cent And thus all gold found in any country, has so far shown 
by actual analysis, that it contains more or less silver intermixed 
with it as an alloy in various proportions, and also nearly always 
is found contaminated with iron and copper, and sometimes with 
traces and even appreciable amounts of palladium, rhodium, osmium, 
iridium, etc. — Dr. Willis E. Everette. 

The Leoislaturs of Texas, which has just adjoubnei> 
provided for the continuance of the geological survey by appro- 
priating the sum of 135,000.00 per annum for the next two years. 

In addition to this amount the printing is provided for in the 
appropriation for public printing, and sums were allowed for the 
testing of the lignites and preparation of a state map, which will 
Terj- much increase the total available funds of the survey. The 
salary limit was also increased five hundred dollars each for the 
state geologist and three assistants and provisions made for a 
good suite of rooms for the chemical work of the survey in ^e 
new laboratory building to be erected at the University of Texas. 

The Leoislature of Minnesota has also aided the state 
geological survey by appropriating {15,000 for the next two 
years for work in the field and for apparatus in the latwratory. 
This is in addition to the proceeds from the Salt Spring lands 
which in the past have supported the survey. The surrey reports 
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are printed aa atate dovumenta, under atanding law, and the cost 
thereof ia not chargeable to the survey funda. 

Thia legislature aleo established a School of Minea at the State 
university, appropriating $6,000 for that purpose, and t4, &00 per 
year for its maintenance. 

In Califohnia tGO,000 have been appropriated by the Legia- 
latnre for the support of the State Mining Bureau for the next 
two yeara, this being just one-half the amount appropriated by the 
preceding I/egislature for the same length of time. This iucludca 
the cost of printing its report. 

Mb. Chablbb R. Kites has bebk appointed palseontologiat 
of the Missouri geological survey. 

Throuoq the I nbtru mentality of chaplain John D. Parkek 
of the U. S. Army, while stationed at Fort Robinson, Neb. , ini- 
tial efforts were made in the fall of 1890 for the oi^anization of 
the Nebraska Academy of Sciences. A largely attended meeting 
was held Jan. 1, 1891, at Lincoln which resulted in a permanent 
organization, with Br. J. S. Kingsley, of the Nebraska State Uni- 
versity, as president, and Prof. W. E. Taylor, of Peru, as secre- 
tary. The first publication of the Academy containa the consti- 
tution and plan of organization. Chaplain Parker was largely in- 
strumental in originating the Kansas Academy of Sciences, as 
well as the Kansas City Academy of Sciences. 

Disco vEar of Mastodon Remains in the Shenandoah Valley, 
ViRQiNiA. While excavating a boj^' depression for the purpose 
of making a fish-pond on the land of Mr. Frank, near Edom, 
Bockingham Co. , the bones of a mastodon were discovered which, 
according to Dr. Zirkle, will make an almost complete skeleton. 
The latter gentleman has secured the remains and will present 
them to the National Museum. 

The Gap Nickel Mine. This mine situated near Gap Station, 
Lancaster Co. , Pa. , and the source of most of the nickel used in 
this country is about to shut down, in fact work is now practi- 
cally suspended, only a few miners being at work in prospecting 
for new bodies of ore, and, from all appearances, with little pro)> 
ability of success. The ore has gradually been thinning out for 
several yeu«. The history of this mine is remarkable. For 
many years it was worked for copper, the nickeliferous pyrrhotite 
being thrown away as worthless until tiie year 1853, when its value 
was discovered. The vein is vertical and varies from four to 
thirty-five feet in width. Paying ore about fifty feet from surface; 
the gauge is mica schist and hornblende ; formation Lower Silur- 
ian limestone. 

Prof. James Geikie, op Kdinbi/roh, gave during March and 
the eariy part of April a series of ten lectures in Boston, under 
the auspices of the Lowell Institute, his theme l>eing " Kurope 
during and after the Ice Age. " Among many important mattci'S 
brought out in these lectures supplementing thia author's well 
known works on the ' ' Great Ice Age " and ' ' Prehistoric Europe, " 
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perhaps the one of greatest interest relates to the extent of the 
ice-sheets of the British Islea and continental Europe during the 
latest Glacial epoch. Professor Geikie recognizes certainly two 
and probably three or more epochs of glaciation, between which 
tbe ice was melted away and as genial climate prevailed as now. 
Whereas at the time of maximum glaciation, the British ice-sheet 
reached south to the vicinity of London, its latest extension was 
only to Lincolnshire ; but Scotland waa wholly ice-covered during 
both of these epochs, excepting only its highest mountain peaks. 
A map of the latest Scandinavian ice-sheet was displayed, repre- 
senting Norway and Sweden as enveloped by ice, excepting a oon- 
aiderable part of Gothland in southern Sweden. Eastward this 
ic&sheet appears to have extended to the White sea and to the 
northweatera borders of lakes Oaeg& and Ladoga and of the gulfs 
of Finland and of Riga ; while a hook-shaped broad lobe, called the 
"great Baltic glacier," occupied the area of the Baltic aea, ex- 
tending south into northern Germany and west over about half of 
Denmark. Well defined moraines on the extreme borders of the 
glacial drift in Europe are rare, as they are Ukewise in the Miseis- 
eippi basin of the United States ; but in both countries the more 
limited region of the last glaciation is bounded by moraines, some 
of which have been traced in Great Britain by the late Prof. H. 
C. Lewie, and m Germany by Prof. R. D. Salisbury, both being 
observers who had examined portions of the terminal moraines of 
the United States before going to Europe. 

In the closing lecture the causes of the Glacial period were con- 
sidered. Prof. Geikie believes that the astronomic theory of the 
late Dr. CroU, referring the glacial climate to eccentricity of the 
earth's orbit, with accompanying favorable geographic condi- 
tions, is more probable than the explanation that was advanced 
long ago by Lyell and Dana and has been urged anew recentiy by 
Upham and LeConte, ascribing the ice accumulation to great 
elevation of the land and changes in the course of oceanic cur- 
rents. According to the former theory the Ice age terminated 
iibout 80,000 years ago. The latter theory, however, is capable 
of accounting for the late glaciation of the northern United States, 
which, according to the careful estimates of N. H. Winchell, An- 
drews, GUbort, and Wright, from the amount and rate of post- 
glacial erosion in diSerent and widely separated localities, was 
only brought to an end some 7,000 to 10,000 years ago ; or in- 
deed it can equally account for the still more recent glaciation of 
the Sierra Nevada and other Cordilleran ranges, which Russell 
and Becker believe to have occurred much nearer to our own 
times. Prof^Bor Geikie entirely distrusts th6se estimates of the 
length of postglacial time ; and the formerly great altitude of boUi 
North America and Europe, which is proved by fiords and by 
river valleys now submerged 2,000 to 3,000 feet beneath the sea, 
he would refer to geologic periods previous to the Ice age. 
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PETROCRAPHICAL TABLES. 
Alfbed C. Lanb. HouKliton, Mich. 

The two tables that are given Uerewith are for tlie uae of the 
studenti) of tlie Michigan Mining Scliool. I have asked for their 
publication in the Geolooist, not only because they may be 
useful to its readers, but because in tables of the kind errors 
ai-e liable to creep in, in spite of all feasible care. I hope for 
corrections and suggestions, and shall be obliged to those who 
send me them. I will ti^' to actiuaint them with the corrections 
of others. 

1. The flrat table is to enable tyros to quickly recognize tlie 
minerals of a rock section with a good degree of probability. It 
is based on L<;vy and Lacroix's tables and contains the substance 
of them with slight additions and corrections. The minerals ore 
arranged according to their optical properties. These are gener- 
ally well defined. As in otlicr such tables there may at times be 
doubt between alternatives, where we must impale our mineral on ■ 
both boms of the dilemma. 

In dividing minerals according to the index of refraction I have 
thrown them into three groups acc-oi-ding as they have practically 
the same refraction as Canada Balsam and no relief, or are more 
in relief yet do not ontinarily apiiear rough in surface, or are 
commonly rough in surface ("riinzcligchaginirt"). Onecan always, 
I think, throw out one of these three groups in studying a given 
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mineral. The only minerals that I think of where the doable 
refraction, i. e. difference of refraction, is so great that it ia 
plainly perceptible without using Imth nicola are the carbonates 
(for which it U characteristic), and talc and aerictte, wbere it may 
be complicated with pleochroism. 

The double refraction is of course indicated by the highest of 
Newton's colore that the mineral gives. If there is any quantity 
of the mineral in the section, and of a known mineral, as quartz, 
with which to compare it, the double refraction can be determined 
to about ten per cent of accnracy. For the retardation corre- 
sponding to the highest color on Newton's scale given by the 
unknown mineral, is to the retardation oorreepooding to the high- 
est color given by the known, as the double refractioD of the 
former ia to that of the latter (i. e., .009 for quarts). 

The classiflcatioQ by double refraction is rather arbitrary. I 
have tried to have as few minerals as may be on the border lines, 
and to have the groups broad enough so that one can really de- 
termine in which a given mineral belongs. Yet here, too, it is 
generally best, if by its double refraction you think that It belongs 
in one group, to consider adjacent groups as also possible. 

Most minerals have an extension, — either perpendicular to the 
best cleavage, if there is but one, or if there is more than one, 
equally good or nearly so, in a zone, — parallel to their intersection. 

This direction of extension is generally easily recc^ized. It 
is almost always near the same direction of light vibration, 
' whether that be the one corresponding to the greatest refraction 
(c) called -|-, or the other called — . In quadratic and hexagonal 
minerals the extension and an extinction will be in the same 
direction, and in rhombic and many pseudo-quadratic or hexagonal 
minerals it is practically so. Such are placed in the columns 
-|-ex.O or —ex. as the case may be. Rarely the extension is in 
the direction of the mean index of refraction, so that the extinc- 
tion in that direction is sometimes direction of greatest index 
of refraction sometimes of least Then it oomee in the column 
±ex. 0. 

If the extinction lies always within 45° of, but not always 
coinciding with, the + extinction, it is put down as -j-ex. not O, 
and similarly with —ex. not 0, and ±ex. not 0. After each 
mineral is given the extinction angle, if any, then b the middle 
index of refraction, then as anumerator 2? and denominator c— a. 
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In uniaxial miner&lfi 27=0, t. e., b=ior a, and the double 
refraction is written directly preceded by t^e sign of the mineral, 
-which is at the same time that of (e— o). 

When the dispersion of the optic axes is strong tiiat is noted ; 
%<iB means, for example, that the hyperbolas are blutsh toward 
the center. If the mineral is colored tliat is also not«d, and some 
other briefly put characters. But it should not for a moment be 
forgottfin that such tables serve merely for probable recognition. 
Not only are there many yet nndescribed minerals, but the prop- 
-erties vary through isomorphic or morphotropic groups, and in 
some cases optical diagnosis will not serve to distinguish well 
known and defined minerals (e.g.), zircon and cassiterite. It ordi- 
narit; suffices, however, for the common minerals. (The difficult 
And not very common group of zeolites are bracketed. ) 

2. The second table illustrates Rosenbusch's classification of 
the igneous (massive "massige") rocks, and is founded on hb 
last edition. The rocks are arranged as far as practicable in hori- 
zontal rows according to like mineral composition. Like struc- 
turea, and names when confined to a determined structure, are in 
vertical columns. 

I have thought it best to add numerous reference to page and 
line. Each page is supposed to have forty lines, and the line is 
added as a decimal to the number referring to a page. The table 
may be taken, then, as an analytical index to Roeenbusch's second 
volume. For the benefit of those who know neither the author 
nor the book, it should be added that he regards petrographic 
classification as in a transition stage, and has purposely omitted 
to make any general table himself. I do not know if one is 
forthcoming in his shorter petrt^^raphy. The classifibation is not 
exactly in the order given by the book, although it finds ita Justi- 
fication there, nor will it be accepted by him as anything final. 
It may, however, also be useful as a guide to the present use of 
rock names by those who follow the book, to those who do not 
read German fiuenUy. Levy's critique and tables have already 
been referred to in this magazine. In the table some constituents 
whose names are embodied in that of the rock ate printed in 
italics and not repeated. 

My obligations to Doctors H. B. Fatten and L. L. Hubbard for 
suggestions and help in proof-reading are great 
Houghton, Dec., 1890. 
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M EGA LONYX- BEDS IN KANSAS. 

J. X. UDDE5, Bock IsUod, 01. 
Over parts of the westeni plains there are found deposits caa- 
sisting of gniTels, sand, volcanic dust, and loam, which have been 
regarded by some as belonging to the Quaternary ^e, and by 
others as belonging to the Pleiocene.* Having some time ago 
found such deposits Id the central part of Kansas, and having ob- 
served some features in them that may be of interest, I veotnie to 
offra- the following notes on their occurrence in McPheraon coonty, 
KanMH. 




Tbe heavy line repreoenM the cot 
kansaa nrHtemi: the sliaded part i 
oin-. v<il. fi, p. 67.) 



rprewnts the ai 



It troQsli CTOGsinc it. (AJk. Gbolo- 



The eastern border of the Dakota sandstone runs in the general 
direction from the southwest to the northeast through the central 
part of the state. With its wide fringe of scattered outliera it 
makes the most mggetl topt^raphy in the state. Such top<^raphy 
is well adapted to preserve remnants of later materials imposed 
upon it In the t>clt of Dakotan ontliers referred to, there is a 
trough-like depression several miles wide and perhaps fifty miles 

•0. St. J'lhn. Fifth Biennial Reportof the State Board of Agriculture, 
pp. lV<-i:,\.—F. W. Cnigln, Bulletin of the Washburn College Labora- 
lury. March and April, 1885.— K. T. Hdi, Texas Geol. and Scl. Bulletin: 
AiiHtIn, Oct., iH>Mi; The AitERicAN Geologist, Jan., 1890. — RfOtert Say, 
Kixth lllniiiilal Report, Kansas State Board of Agriculture, p. Wi.—E. 
I). CiiV-< Tertiary Vcrtebrata. p. 4 — Dr. Suniiiel Aughey, Physical Geog- 
raphy and Geology of Nebraska, ISfiO. — Prof. J. E Todd. Science, April 
3^, 1HS0. Proeccdlng!! of the American Association for the Advancement 
of Helence, Vol. XXXVII. 
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long extending nortti and bouUi from the city 
of Salina to about fifteen miles south of Mc- 
Pberaou. The auperflcial material in the bot- 
tom of this depression is composed cA the de- 
posits in question, while the borders expose 
the uuderlyiug country rock, the so-called 
■'Red-Beds'^ and the Dakota sandstone. It 
suggests an old valley partly filled with sedi- 
mente and now again under excavation. The 
Smoliy Hill river has carved its bed through 
the northern end, and here erosion has nearly 
reached the old bottom, and the river has 
thrown its mantle of alluvium over extenmve 
areas along its course. The sonthem end, 
extending from the valley of the Smoky to 
that of the Little Arkansas, is marked by a 
rather steep slope along the western margin 
and by a chain of lakes and basins, that make 
a rather unique feature in a country otherwise 
well drained. This end is crossed at right 
angles by the water-shed between the two prin- 
cipal drainage systems of the state, the Kan- 
sas and the Arkansas. As might be expected, 
the deposits here attain their greatest thick- 
ness, which cannot be far from 150 feet. It 
IB at a point where a line of minimum ero- 
sion, the watershed, intersects a line of max- 
imum development, the trough. 

Taken in ascending order, the materials de- 
posited in the southern end of the trough are 
as follows : ( 1 ) gravel, ( 2 ) sand, ( 3 ) clay, 
( 4 ) volcanic dust, ( 5 ) yellow marl. The thick- 
ness of each of these, as well as their composi- 
tion, even that of the clay, is very variable. 
The gravel is mostly confined to the deeper 
parts of the trough. It is mostly strongly 
crosB-bedded and it varies considerably in 
In a few places carbonateof lime 
an efficient cement. Pebbles of 
different kinds of crjstalline rocks are not un- 
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common, and occasionally some are found of pareet crystal- 
line quartz. The gravel also contains fragments of silclfled 
irood and of petrified mammalian bonee. Occasionally round 
masses of day are met with. Near the city of McPher- 
Bon, where extensive excavations have been made in the sand, a 
number of angular boulders of Cretaceous clay have been laid 
bare, some of which are over eight feet in the direction of their 
longest diameter. These boulders must have been transported a 
ConsideraUe distance, for no similar rocks are known to occur un- 
disturbed within a distance of thirty miles. At the same place 
just above the sand and gravel in a somewhat soil-like stratum 
there was exposed in the bank, a few feet apart and extending for 
a distance of at least two rods, two layers of rounded boulders of 
a pure white calcareous substance and having a diameter of from 
three to eighteen iuchea They were crowded fa^ether and their 
position was soch as to suggest that they were left in their present 
position by stranded ice. This suggestion is supported by th& 
circumstance that the locality Is towards the rim of the trough. 
As far as the writer has been able to find out, the material of 
these boulders is unlike any rock found in t^e state. It consists 
of an aggregate of crystals of carbonate of lime ( arragonite ? ) 
with an average length of .0001 mm, Mr. Geo, P. Merrill, who 
has examined it, says he has seen similar material from the 
Cretaceous of the south. That these boolders have been trans- 
ported by floating ice does not admit of a doubt, and a southern 
or south-eastern extension of the water in which the ice floated, 
would not seem improbable. A large chert-pebble from the 
gravel was found by Mr. E. 0. Ulrich to contain several bryozoans 
from the the Sub-carboniferous. * From the gravel and sand haT& 
been taken the following fossils, identified by professors E. D. 
Cope and R. Ellsworth Call (Noe. 1 and 2 are from the bottom of 
the gravel, the others from near the top of the sand ): 
1) MegalonrX) sp-i ^) Bquus major De Kay. 



"Professor J. W. Spencer thinks central Mltisourl affords evidence 
a northern ( north-western ?) extension of the waters In which some 
a subaqueous drift described br him was deposited. See "Sand-bonl- 
ders In the drift, etc.," by J. W, Spencer, Am. Nat., October, 1887, p. 
931. The bryozoans In the pebble examined by Mr. Ulrlch were Fenes- 
tella aperta Hall, F. compresaa Ulrlch, and Polypora maccoyana Ulricb, 
the two last ones belonging to the Keokuk group, 

tThe fossil Is a skull, which quite closely resembles Megalonyx Jeffer- 
son! Harlan, but differs from this In some Importaot respects. At an 
«arly date tt will be described by Dr. J. Llndshl as M^alonyx leldyl in. 
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3) Spberlum striatum Lun. 4) Spherlun sulcatum Lam. 

S) Plgldlum ftbdltum Haldemao. 6) Aiiodonta, sp. 
7) Valvata tric&rln&ta Say. B) Gammarus, sp. 

The top of the gravel chaogeB into sand and this by transitions 
becomes clay. At first this clay is mixed vith coarser material, 
but tbia disappears above, where it is entirely homc^neons. At 
one place it is very fine and baa a Jointed structure. The joints 
show beautiful dendritic impressions of manganese oxide. At 
another place it is coarser, the Jointed Btructure is absent, and the 
manganese (?) is seen only as distsnt blotches. As far as known 
the thickness of the clay does not exceed four feet 

Resting on the clay and separated from it by a welt defined line 
of contact, there is a stratum of volcanic dust which has been 




identified at six places ttiat run in a line atiross the trough on the 
north slope of the watershed The altitudes ot these exposures 
range from 1430 to 1480 feet above the aea level. In the onterop 
occupying the lowest level, the material is well assorted, the fine 
and the coarse grains being separated into intermingled, but dis- 
tinct, thin layers. It has here settled through a considerable 
depth of water. At another place where it occupies a position 
about 40 feet higher, the particles are not assorted, the bed rests 
on a thin black seam containing bc^-manganese and bog-iron, and 
underneath the Jointed clay is dark and carbonaceous. This sng- 
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geste the bottom of a swamp. In the lower part of the dust there 
are vertical holes aDd impressions of roand and triangular stems and 
V-ahaped leaves or sedges that evidently 'were slowly buried under 
the falling dust Mere shreds of these plants remain in the empty 
moulds, but in some of these there are siliceous skeletons of fresh- 
water algae, which must have become entangled on the stems of the 
sedges. The water cannot have been deep at this place, when the 
dust fell. Above the bight to which the ImpreBBions of the buried 
vegetation extend, the deposit becomes ripple-bedded. Evidence 
of the rocking motjon of the not very distant surface-waves of the 
water is also seen in the formation of pills, somewhat resembling 
pisoliths, which are found imbedded in the dust and must have 
been rolled together by the waves. There can be but little doubt 
that the surface of the water was within a few feet of the top of 
this deposit, when it was formed. If such was the case and if 
the locality does not represent an old isolated pond, as does not 
appear likely, then it furnishes a clue to the relative bight of the 
water level at the time of the falling of the dust. In such case 
it is certain that the water presented an expanse several miles 
wide in the trough described, and this must have been confluent 
with another and still wider body of water in the Smoky Hill 
river valley to the north. The Cretaceous buttes to the east and 
to the north were not submerged, and to the north-west the same 
rocks must have formed a considerable stretch of land, even if 
allowance is made for a subsequent tilting of eight feet per mile 
to the cost 

The top of the volcanic dust gradually changes to a buff- 
colored loam, which in many places resemble loess. It is rich in 
<Mrbonate of lime, which often forms concretions. It varies in 
coarseness from that of fine sand to coarse clay, and sometimes 
acquires a drab color. The thickness of this deposit is greatest 
in the middle of the trougli, but it extends over the borders of 
this, and though often modified by the action of wind and water, I 
think it may be regarded as a remnant of the latest general 
deposits of tbe plains in this region.* 

*I suepfict tliat tills Is tlie sam<^ as the " lo<:-is-llko " formatloD In Ne- 
braska described by F. W. Russell In the American Gbolooist tor Jan.. 
1891, and that it is rclaled to llie lake sediments spoken at by Dr. L. E. 
Ulcks In his paper on " An Old Lake Bottom," (See Bull. Gcol. Soc. Am. 
"Vol. 3, p. 35, etc.) The peculiar topography described In this paper Is 
duplicated on a snaller scale in the lakes and basins ot McPherson 
county. 
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In coDclusion, tiiteo, I wish to c&U attention to the following 
pointe : ( 1 ) Previous to the last depoBition of aedimenta the 
country had much deeper drainage-channels than at present. 
(2) The time of the making of the gravel and the sand being 
coincident with a period of increasing humidity, changes of the 
water-level may have caused minor local unconfonnities between 
deposits that are closely consecutive in time. ( 3 ) The volcanic 
dost was not deposited in waters forming one great lake in this 
region. (4) The fauna of the Equus beds and that of the Me- 
galonyx beds must have been, at least to some extent, contempo- 
raneous*. 

Auyvttana College, Rockltland, III. 



ON THE PHYSICAL GEOLOGY OF TENNESSEE AND 

ADJOINING DISTRICTS IN THE UNITED 

STATES OF AMERICA. 

By Db. Edwaed HiTLL.t 

WITH NOTES AND COMMENTS. 

Br Aua. F. Foente, CBmbiidKe, Mdbb. 

The Unaka Range, on the boundary of Tennessee, is composed- 

chiefly of granite, gneiss, and crj'staliine schists, presumably of 

Archtean age, and forming a prolongation of Prof. Dana's "Ar- 

"This statement la baaed on the authority o( professor Cope, who has 
determined the age of the depoalta from the (osalls named above, and 
who published a fls^ru "t the Megalonyx skull In American Naturalist 
Vol. XXIII, PI. XXXI. The statement made by bim In the same place, 
that the skull was " found In the Ticholeptus beds of Kansas" was a 
lapaue colamt afterwards corrected by himself. In a letter to me writ- 
ten a year before the publication of this number of the Naturalist, he 
gives the age of the foaslla aa Fllatocene. The occurrence of E. major 
aud Megalonyx Id the same gravel aeema to verify professor Cope's sap- 
poattlon that the Equus beds run luto the Fllatocene, when he says 
I Tertiary Vertebrata, p. 4.): "A probably contlnuoua succession of 
lakes has existed from this period ( Loup Fork ) to the present time In 
ever-dlmlniahing numbera ;" and U also bears out his guess that, "thia 
fauna ( Equua ) was probably contemporaneous with that which roamed 
through the forest of the eastern portion of the continent, whose re- 
mains are cncloaed In the daposits of the CBVca oscnvated from the an- 
cient limeatones." The recent discovery of Mcgalonyx in undoubted 
Fllatocene deposits In Ohio, the character of the molluscan remains 
taken from the clay above described, and the evidence of Ico-actlon In 
the sand, supports Gilbert's argument that the Equua fauna must be 
referred to the Pllstocene time division (Lake Bonneville, p. 3B7); aud 
the " old " character of tbe topography of these beds In Kansas may 
perhaps help to explain the difference discussed by this same author 
(p. 401), between the physical and the bioilc evidence relative to the 
age of the Equus beds. 

fLondon Quarterly Journal, February, 1891. 
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chieaii ProtaxiB." "From the base of the Cambrian be«ls, where 
they rest discordantly apon those of the Archsean Protims, the 
whole series of Lower- and Upper-Palasozolc formations sacKseed 
each other in apparently conformable sequence, except at the 
junction of the Lower- and Upper-Silurian series, where a prob- 
able discordance occnrs. Tbroughont the prolonged period dur- 
ing which these formations were being deposited, there was con- 
tinuous subsidence with occasional pauses, over the re^on lying^ 
to the west of the Archeean continental area, and successive for- 
mations of marine strata were laid down in vast sheete over the 
bed of the ocean, never very deep. In later Carboniferous time» 
the marine deposits gave place to those of lacustrine or estuarine 
origin, but still without any apparent discordance in the strati- 
fication ; so that the Upper and Lower Carboniferous beds are 
apparently conformable to each other, and these agfun to the 
Bevooiau and Upper Silurian. " This seqaence of conformability 
might just as well have been extended down into Lower Silurian 
horizons since no aetwil ditcordance was observed in Tennessee, 
and conditions noticed in New York and the New England states 
do not determine the presence or absence of breaks in the con- 
formability of strata in a neighboring state. Tennessee however 
is far distant. 

"The prolonged period of subsidence and deposition above de- 
scribed at length gave place to an epoch of elevation and con- 
traction of the crust, acting with greatest effect and intensity 

along the line of the Alleghanies, where the Pal»ozic strata 

, are folded, flexured, and even reversed along parallel axes. .... 
The foldii^ of the strata, it is well known, generally subside in 
a westerly direction towards the valley of the Ohio, and ultimately 
pass into widely extended domeshaped centres of elevation with 
intervening areas of depression. Amongst the former are the 
"Cincinnati uplift" and the anticline of the Nashville Silurians ^ 
amongst the latter is the region of the Cumberland platean, which 
lies along the centre of a broad ayncline. " It is evident from 
these reoiarks that Dr. Hull ascribes the formation of the Cincin- 
nati-Nashville anticlinal to poet- Carboniferous times. At the 
close of this period of folding eastern Tennessee conld be termed 
a great valley, the lowest parts of which lay within the region of 
tiie present Cumberland plateau, and the boundaries of which 
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were ihe Arduean Protaxis on the eaflt and the creat of the Cin- 
ciDnati-XashvUle anticlinal axis on the west 

This great valley was more or less subdivided by minor parallel 
flexures. Thus the Sequat«bee anticlinal, at present occupied by 
the valley of the Seqnatehee river for a distance of sixty miles ex- 
tends along the middle of this great valley. '■The flanks of the 
Sequatchee valley are composed of Carboniferous grits and sbalea 
resting on limestone, from below which the Devonian and Silurian 
strata emerge with a dip in the direction of the sidee of the val- 
ley. The valley is therefore clearly in the line o^ an anticlinal 
axis, and to this It probably owes its origin, though it is possible 
that there may be a fault here running in a parallel direction, 
along which river-erosion has acted through a lengthened period. 
The Little Sequatchee, a smaller valley further to the west is prob- 
ably due to a similar anticlinal flexure." The Tennessee itself, 
north of Chatbmooga, is figured as occupying a seoondacy anti- 
clinal valley, just east of the present Cumberland plateau. The 
great valley of east Tennessee, stretching eastward as far as the 
Archfean Protaxis, is occupied by formations often highly inclined 
or thrown into flexures. 

The region along the Archfean Protaxis, which was perhaps 
never altf^ther submei^ed, was upraised gradually into high 
land, and thus subjected to extensive erosion long before the more 
westem districto which remained under water and undenuded, or 
were but slightly emergent, ' ' As time went on, these western 
tracts wherever in the line of anticlines, were themselves ele- 
vated and eroded, and ultimately the synclines themselves. " It 
is evident from the context that the .author ascribes most of thia 
erosion to snbaerial Influences brought to bear upon the land areaa 
while gradually arising from the sea. According to this, the 
synclines being the last parts to emerge from the sea were the last 
to suffer eroBi<Hi. But even then the synctine of the Cumberland 
plateau r^ion was protected by the massive Carboniferous gritft 
which still capped them, whereas erosion removed this protection 
from the earlier exposed sides of the great valley, the r^ions of 
the Nashville anticlinal and the valley of east Tennessee. The 
cutting back of the strata no longer protected by these grits, 
in the direction of their dip, left the synclinal area relatively 
higher than the anticlines and thus formed the Cumberland pla- 
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teau, and caused its marked elevation above the Barrounding 
districts. 

Special attention iB directed to the following sentences ( in 
which the italics do not belong to the original ), since they give the 
author's views as to the emergence of this area from the sea. 
"In the region with which we are specially concerned, the line of 
the Dhctka Range and Blue Mountaint, which waa perkapt never 
altogether tubmertfed, waa upraised gradually into high land. The 
Oambriaa and Silurian strata were subjected to erosion ; and 
4irfams earrj-^ the materials flowed down the flanki of the emer- 
gent land into the iea or ettvari/ to the loeitward. As Ume went 
on, these wettem tracts, wherever in the line of anticline*, were 
themselves elevated and eroded, and vitimately the synclines 
themselves." The author evidently conceives the existence of the 
»ea in the synclinal region along the Cumberland plateau, after 
the anticlinal area to the westward had already been elevated 
above the sea. This, however, is not consistent with the main 
tenor of his paper, of which the following paragraph is a brief digest 

That the Cumberland plateau formerly occupied a relatively 
lower poaitioD than the areas towards the eastward, now occupied 
toy the east Tenneasee vallej' is shown by the Tenneasee river at 
Chattanooga, which instead of continuing its course in a southerly 
direction into the gulf of Mexico, by crossing a saddle which is 
only 270-280 feet above its bed, has preferred a channel through 
the Cumberland plateau rising 1400-1500 feet above \is bed. It 
is evident also that during ttoe time the Tenneasee was cutting its 
channel through the plateau, this area must have been at a lower 
level than districts farther south, in the region of the saddle 
to which reference has ]ust been made. Ultimately the Tennes- 
see, instead of continuing its course in a southerly direction into 
the gulf of Mexico, makes a great sweep to the northward, on the 
west side of the Cumberland plateau, and joins the Ohio at a dis- 
tance of about forty miles above the junction of that river with 
the Mississippi, thus adding to its course a length of about 800 
miles! 
Notes and Commests bt Aug. F. Foerste, Cambridge, Mas>. 

The course of the Tennessee at Chattanooga shows that while 
the river was cutting its channel through the Cumberland plateau, 
this plateau must have laui at a loicer level than the land both to 
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the eastward and towards the south. But the region of the pla- 
teau itself must have for similar reasons occupied a higher eleva- 
tion than districts farther dowD the course of the Tennessee and 
Biuce this region is at present on anticlinal area it follows that the 
anticlinal was not in existence at the time when tho Tennessee 
was cutting ite channel through the Cumberland plateau, or else 
that subaerial erosion had, previons to the erosion of this channel, 
reduced the anticlinal to such a low base-level that this region 
practically offered no impediment to the courses of streams across 
it The latter riew, however, scarcely seems tenable, nor does it 
seem to be the view held by Dr. Hull. 

The view that the Tennessee river was in existence before the 
Nashville anticlinal and maintained its channel across the Nash- 
ville anticlinal area during the process of the development of the 
fold which characterizes it, is made more probable by similar 
phenomena farther northward. Thus the Cumberland in northern 
Tennessee, and the Green and Kentucky rivers in Kentucky cross the 
anticlinal on their way to the Ohio. The Licking river joins the 
Ohio at the very crest of the anticlinal. The Ohio itself, from the 
mouth of the Sandy river to its confluence with the Mississippi is 
Itself a striking example of a river crossing the Cincinnati-Nash- 
ville anticlinal. 

If this view be correct then the elevation of the land above sea 
level preceded the folding. This elevation must have been most 
strongly marked towards the east and its incliuation must have 
been sufficient to have given a marked westward flow to the rivers- 
flowing down its flanks into more western seas. At one time this 
emergent land area must have extended as far and even perhaps 
beyond the region later occupied by the Cinciunati-NashviUe anti- 
cline. In this Jand area the rivers probably secured more or less 
fixed water channels. Then folding took place. The Tennessee, 
Cumberland, Green, Kentucky, Licking and Ohio, the anteplieate 
rivers, managed more or less successfully to maintain their old 
courses in spite of the folding along the anticlinal. If the Great 
Kanawha with its former course through Teaze's valley to the 
Ohio near Huntington, West Virginia, be considered the upper 
course of the Ohio, then the Great Kanawha and the upper courses 
of the Tennessee offer excellent examples of rivers which also 
maintained their eouraei aerott the tharper folds of the Alleghany 
mountains along their upper courses. The Big Sandy is very 
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likely another of these early rivers. Of course only the stronger 
streams could mfdntun their courses across Qie obstruction caused 
by the rising folds. As a rule an entirely new river syBtem vas 
developed in the m(M« strongly folded areas of the AU^hanies. 
Even the Ohio river itself from the mouth of Teaze's valley to a 
point near the southwestern comer of Penneylvaaia, and the lower 
oouree of the Alleghany seem to be of latw age than the period 
of folding and occupy approximately the middle of the great syn- 
clinal valley between the Cincinnati anticlinal and the AUe^hanlee. 

The northwestern tributaries of this newer poiti<m of tbe Ohio 
often have a strikingly similar direction to tlioee which enter the 
Ohio from the other side. When such streams from c^posite 
aides enter the Ohio at about the same point, they are sui^estive 
of the existence of a former continuous stream which had been cut 
in two by the process of folding and the formati<Ki of tbe syn- 
clinal portion of the Ohio. The northwest stream in this case 
may then be considered to have had its flow inverted as far as the 
Ohio. However the mere fact tiiat the streams are flowing to- 
wards the centire of a synclinal trough might also be considered a 
sufflcient explanation for t^eir existence. 

If land conditions over the area here discussed, previous to tiie 
period of folding be admitted, then the intersection of the Ciacin- 
oati-Nashville anticlinal by the rivers mentioned is not so surpris- 
ing. Then also the cutting of the channel of the Tennessee across 
the Cumberland plateau near Chattanooga is made possible. 
That such land conditions existed is made probable by the dis- 
appearance of all marine fossils soon after the opening of the Coal 
Measure period, and the flnding of stumps of trees in many of 
the deposits of this period in litu, at widely scattered points of 
this area. 

The Tennessee river at present has a channel 1400-1500 feet 
below the more elevated portions of the Cumberland plateau where 
it cuts through this tableland. At the time it was muntaining 
its course across the growing obstruction of the Cincinnati-Nash- 
ville anticlinal, it very likely had a relatively much higlier alti- 
tude ; indeed its oourse at that time may have been a thousand 
ieet, or even more above its present bed. If during this period, 
while the channel of the Tennessee was a much less striking 
feature in this synclinal region, the level of the sea was not 
much below the general level of the present Cumberland plateau, 
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lor a long period then conditions would be present for the forma- 
tion of a baae-lerel of erosion. The synclinal areas lying at small 
altitudes abore the level of the ocean vould be less eroded and 
the more elevated portions would be most sixtingly subjected to 
destruction by subaSrial influences. The great depth of the pres- 
ent cbaimel of the Tennessee however may have been attained fint 
during the subsequent history of this land area. 

Dr, Hull's paper is a valuable oootribution to the geographical 
geoli^y of Temiessee. Whether he would agree with many of 
the statements made in the notes accompanying the present notloe 
is another question. It is hoped however that for American read- 
ers these notes will not be found out of place, but will serve (o 
suggest some of the lines of research opened by Dr. Hull's paper, 
to those American geologiste whose geographical location will per- 
mit the prolonged study of the areas here involved. 



THE GEOLOGICAL POSITION OF THE CATSKILL 
CROUP. 

Br Chablib S. Fbombb. WttshiiiBtoa. 
A recent pnblicaUoa by the Creotogiaal Society of America* coa- 
tains an abstract of a paper by Dr. Henry S. Williams, entitled 
"What is the Oarboniferous System?" Professor Williams re- 
fers to the difficulty that American geol(^ists have experienced fn 
attempting to separate the Upper Devonian from the Lower Car- 
boniferous and states that this confusion is due to " a tack of pre- 
cise defluitioa as to the constitntion and limitation of the Carbon- 
iferoua 8j«tem."t The works of the early English geologists 
have been carefully studied and it is shown that the system was 
first defined by Conybeare in 1822 as "the rocks which form the 
Fenniue... .range of mountains in northern England."! The sec- 
tion of this Pennine Carboniferous system consists of : 1st, 
tbe upper part of the Old It«d sandstone resting upon lower beds 
of Old Red sandstone ; 2d, the ' ' Mountain or Carboniferous lime- 
stone;" 3d, the "Millstone grit and shales"; 4th, the "Coal 
Measures " which are terminated, generally unconformably, by the 
New Red sandsbme. The author states that since " The typical 
section is the section exhibited in the Pennine range ; and as the 
name Carboniferous is ^ misnomer geologically and as the 

*Bu11etiD Geo). Soc. Am. Vol. S, Jan. 3, 1B91, pp. ie-30. 
ilhid., p. 16. XtUd., p. 17. 
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name does not indicate the ge<^rapbic posttion of the tjpical sec- 
tion it ie beiieved that the adoption of the name ' Penninian sys- 
tem, ' or ' Fennian sjstem ' ( the latter being preferable ), may be 
of advantage to the science ".* l-'inallj-, the Appalachian Paleozoic 
rocks are correlated with the Penntan aa follovre : "The Che- 
mung marine fauna is strictly Devonian ; the brackish water fish 
fauna of the Gatekill is as strictly Pennine. Hence the red rocks 
of the Catskill formation of New York, the Poaent, Umbral, and 
Vespertine formations of FennaylTania, belong to the Pennine 
carbonif erouB. " Proceeding westward the Pennine will include 
"the formations called Waverly, Marshall, Kinderhook, Chou- 
teau, containing, as they do, a fauna distinctly related to the Car- 
boniferous limestone fauna, "t 

In connection with the paper just reviewed, an earlier opinion of 
Dr. Newberry is of especial interest After calling attention to 
" the correspondence of the fauna of the Catskill and Upper Old 
Bed sandstone of the British Islands " he said ; " It lias troubled 
the English geoli^ists much to draw any well-marked line, in the 
series to which I have referred [Old Bed Sandstone of England, 
Scotland and Ireland], betwSen the Devonian and the Carboniferous 
systems ; but there are none who do not r^ard as Carboniferous 
at least a portion of the yellow sandstones which underlie theCar- 
boniferous limestone, and contain Holoptychivs aa a characteristic 
fossil. Hence it will be seen that in the Catskill of Pennsylvania 
we have strata which are not only lithologically similar to those 
which in Scotland and England lie at the top of the Devonian and 
base of the Carboniferous system, but that this similarity of min- 
eralogical character and geoli^cal position is accompanied by a 
similarity of fauna. "J 

About the only fauna contained in the Catskill group is "the 
brackish water fish fauna "8 of which Holoptt/ckiv^ and Bothriohpu 
are characteristic genera. The following ten species of fossil 
fishes have been reported from the Catskill of New York and 
Pennsylvania and are described by Dr. Newberry in his excellent 
work on "The Paleozoic fishes of North Amorica."|| 

"Ihid., p. m. \Ibid., p. lii. 

JRep't. Gcol. Surv. Olilo, Vol. I, Gcol, ftDd Pa!., PI. II, Pal., 1873, 
pp. 375, 37ti. 

JDr, Newberry thinks that "thi- Ciitsklll rocks were deposfted In a 
fry«h-wftter lake." Mon. U, S. Geol. tjiirv., Vol. XVI, p. 106. Also, see 
tabid of groups of Ibc Cnrboiiiforons system ou p. 77, and p, 101. 

jMon. U. S. Geol. Surv., Vol. XVI. 
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Bothriolepit leidyi Newb, ffohptyckius ( ?) radiatiu Newb. 

Sauripteri$ laylori Hall. GtyptopomM tayrei Newb. 

Holoptychitu aTMricaniu Leidy, Dipteru»(^ CtenoduM)ahtnBoodi Newb 
" yiynnieu«(?) Ag, " " rod I'afut Newb. 

" Aa/h'Newb. G^nwanlAu* <A«r«w<xiV Newb, 

The cmetttceana are represented by Siylonurvt excelsior H^l 
from Andes, New York and Meshoppen, Fenn'a. A species of 
lamellibnuicb, Amnigenia cattkillentit (VaD.) Hall, whfcb Is 
nitiier characteristic of the Oneonta sandstone, has been reported 
from the Catskill of Bedford Co., Fenn'a.,* and it ia not at all 
improbable that it will yet be fonod at other localities tn the typi- 
cal Catskill. 

So far as paleontology is ooncemed, the principal change in- 
volved in this correlation is in reference to the paleobotany. By 
including the Catskill in the Lower Carboniferous a eonsiderabte 
proportion of the American Devonian flora would be ta^nsferred 
to the Carboniferous or Pennian system. It will be remembered 
that Sir Wm. Dawson, to whom we are indebted for most of the 
descriptioD of thia flora, has always insisted that it is a Devonian 
flora quite distinct from that of the Lower Carboniferous, This 
opinion was clearly stated by Dawson in 1882 when he defined the 
" Upper Erian Sub-flora" as corresponding "to the Catskill and 
Chemung of the New York series, and to the Upper Devonian of 
Europe," and stated, in conclu^on, that it is "very distinct from 
that of Uie Lower Carboniferous, "t 

A rather careful review of the fossil plants, now known to oc- 
cur in the typical Catskill of the United States, fails to show any 
mailed reason for considering them as necessarily Devonian. In 
fact some of the otber paleobotanists have been inclined to con- 
sider the flora of the Upper Devonian as of Lower Carbonifer- 
ous facies. The most abundant ferns in the Catskill belong to 
the genus Arckteoffterit, which appeared in the Chemung and 
probably extends through the Lower Carboniferous into the Coal 
Measures. This genus is represented in the Culm of Austrian 
Silesia, Hesse, Moravia, and Silesia by several species, also in the 

•2d Geol- Surv. of Fenn'a. T». The Geology of Bedford uad Fulton 
counties, p. 103. It is meatloned under the Dame of Miidloia aiiyusta 
Cod., which Is cousldvrcd a synonym of A, catsklUenatt (Van.) Hall. Sco 
Geol. Surv. N. Y., Pal. Vol. V., Pt. I, LamelUbranchlatall, pp. 518, 517. 

fOeol. Surv. of Canada. The rosall plants of the Er Ian (Devonian) 
and Upper Silurian formations of Canada, Pt. 11, p. 130. 
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Upper Devonian and Lower Carbon if eroua of Australia and Csr- 
boniferous { Coal Measures ? ) of China ; so that the evidence af- 
forded by the most prominent genns of ferns would be as strongly 
in favor of classing the Catskili with the Lower Carboniferous as 
with the Chemung or Upper Devonian. 

A short analysis of the American Catekilt flora maj- be of some 
interest in connection with this subject The Catskili of New 
York and Pennsylvania contains, so far as reported, thirteen spe- 
cies, of which number seven belong to the genns ArchceopUrit. 
A few spedes that were de8cril>ed as from the Catskili have been 
omitted from tlie list, owing to the fact that a more accurate 
knowledge of the geot<^' of the r^on has shown them to belong 
to the Oneonta sandstone, or Chemung ; but, it is tbonght that 
all the species mentioned in the following list occur in the Catskili 
as now restricted and deflned. The species are as follows : 

1 . Areahopterit jacktoni Dn. * 

*In 1869 Schimpcr reterred with doubt CyclapttrU }ack»oni Dn. to 
Palieopteria Juillinna (GOpp.) Sch., now ATChisopierie (Traits pal. v£g.. 
Vol. I. p. 4TB.) Dawaon In 18T1 objected to this Identlflcatioa, stated 
that It was a distinct apecles and put it in what was tlien considered 
the Bub-gcnus Ari^uxvpUrU of CycUipteri* [Fas. Plants Dev. and Up. 
Sll.. Pt. 1, p. 48.) Schlmper In 1874 accepted Dawson's defpnce of the 
validity of the species and gave it as PalaxrpferU iackioni ( Dn.) Seh. 
(Tralt^pal. vSg.,Vol. Ill, p. 484.) In 1883 Dawson elevated the sub-genus 
Ardueopt^ris to generic rank and gave some additional information 
about A. j(wA»onl Dn. (Fos. Plants Brian and Up. Sll, Pt. II, p. 100.) 
In 1888 il Is mentioned as A. Jocfuunf and figured ou p. 74 of Dawson's 
"Geological history of plants;" while Its author in 1889 again stated 
that It is a distinct speclea from A. halllana (2d Geol. Surv. Penn'a, P*. 
Vol. I, errata p. VI.) 

The Cyclopterie jacktoni Dn. is staled by Dawson in 1862 
(Quart. Jour. Geo]. Soc. London, Vol, XVIII, p. 319) to have 
been found at Montrose, New York, which Is undoubtedly PenDsylvanla. 
Professor Hall In 18IS3 ( IGtb An. Rep'c. of the Regents of the State of 
N. Y. on the State Cabinet of Nntural History. Appendix D., p. 110) 
identities the specimen found near Montrose, Penn'a. and described by 
Vanuxem ( Geo]. N. Y., Pt. Ill, p. 192 and fig. 58 on p. 191 ) as Cyclop- 
terUjadaoni (?) Dn. Dawson in 1871 (Fos. Plants Dev. and Up. Sit., 
Pt. I, p. 4Q ) wrote that " A specimen, obscure In details, but which 
must belong to this [A. rogerid Dn.] or the previous species [A. haUiaiia 
(QOpp.) Lx.], occurs in professor Hall's collection, fr»m Montrose, Pa." 
On p. 45 CyclopterU jackgmil Dn, Is simply credited to the Upper De- 
vonian of N. Y., without giving the locality ; but, on p. 91, flg. 109 of 
pi. sv it la said to be a pinna of CyclopierU (ArchteoplerU) JtuAaonltTOm 
Montrose, Penn'a. In the Acadian Oeologv, 3d ed., 1878, It Is stated 
on p. 547 that " largo specimens [ of C. jackiotti Dn.] occur in the col- 
lection of professor Hail from the Old Red sandstone of Montrose, New 
York." It appears from this that It was not a single specimen that 
was Identified as C. jiicksoni, or C. Togertl; but, that both species were 
seen from collections made at Montrose, Penn'a. 

In explanation of this ambiguity Dr. Dawson wrote me as follows. 
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2. ArchcEOpterit hibemxca (Forbes) Lx. 

3. " macileiita Lx. 

4. " minor Lx. 
6. " ohtuta Lx. 

6. " rogeni (Do.) Lx. 

7. " ipheKophyUifolia Lx. 

8. Cyclopterit valida Dn. * 

9. Dendrophycu* dttorii Lx. t 

10. Dictyo-eordaitet laeoi Dn. 

11. Lycopoditet riehardtoni Dn. 

February 13th, 1891 ; "As to the MonXmae speclmenB I suppose all of 
them were from one place, but I may have In the first Instance taken it 
for granted that Montrose Is Id New York, as the specimens sent to me 
were In general from that state. As to the speclm^na from Montrose, 
If my memory serves me, there were several, some of which I referred 
to A. jadaoni but one showing several fronds seemed to me different, 
and I referred It with doubt to A. rogerH. The specimens were re- 
turned to Frnl. Hall and perhaps should be reexamined, more espe- 
cially as the more recently found specimens from Scanmenac have given 
new Information." 

Prof. L C. White In 1891 reported this species from opposite Hones- 
dale, Wayne Co., Penn'a. (Sd GmI. Surv. Penn'a. G*, pp. 63. IBT), and 
In ises from a cut on the D. L. and W. B. B. below Henryvllle, Monroe 
Co., Penn'a. (/Wd., G«, pp, 103, 320). Finally, Lesley says ; "[C. /«*- 
soni Dn.] In the Chemuim-Catakill strata about Montrose, Susquehanna 
Co., Pa., as described by Hall" ( Ibid., ¥*, Vol. I, p. 174). 

In the Museum of Columbia College, New York, are specimens labeled 
" ArchaopterU jackgoni, from Montrose, Pft." Prof. H. L, Falrchlld, 
March 13th, 1891, wrote me the following note: "The specimens of 
ArclutopterU )ack«oni which you saw In Dr. Newberry's Museum were 
collected by me. These have been found at different localities through 
Susquehanna county, Pennsylvania. Most of these specimens came 
from a quarry near Montrose, Penn. They occurred at the lowest point 
In the quarry and the stratum was only touched; but, before I knew 
lt,that part of the quarry was filled In. That was many years ago ; the 
fossils are there awaiting some one who Is willing to spend the money 
to excavate for them." According to Prof. B. P. Whitfield, the Amer- 
ican Museum of Natural History, Central Park, New York, contains 
some rather fragmentary specimens labeled " CycUrpterU i<uA»oni Itoia 
Montrose, Pa." The New York State Museum of Natural History, Al- 
bany, N. Y., also contains specimens latieled " Cyclopteria Jadisoni from 
Montrose, Pa," 

*0n p. S30 of the Coal Flora. Vol, III, this species Is reported by 
Lesquereui from simply the " Upper Devonian, Pennsylvania"; but, on 
p. SSa It is given in the column of Catskill plants, although not men- 
tioned on p. 850 In the Hat of species from the different localities which 
have furnished Catskill plants. 

fThe organic nature of Dendrophycus is In dispute, Lesquereux de- 
scribed the genus, of which D. desorli Is the type, as belonging to the 
marine algee. Among the paleobotanlsts Dr. Newberry and Prof. Ward 
still refer it to the aigs, and each has 'Udded another species to the 
genus.from the Trias ; while Sir Wm. Dawson and J. Starkio Oardner 
do not regard it as of organic nature. 
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12. F»iloph}fton, princepa Dn.* 

13. Rhaeophyllum trunealum Lxt 

There are probably two additiona] varietieB of Arehaopterit, 
known from the CatakiU of Pennsylvania, which have not been 
given in the above list. ■ In 1890 Dr. Dawson, upon Uie authority 
of Mr. B. D. Lacoe, mentioned Arehasopterit major Lz. , from th& 
Lower Catekill of Meshoppen, Fenn'a. t But, Mr. Lacoe wrote 
me February 10th, 1891, as follows ; "The information given 
. Dr. Dawson was in answer to general queetions as to the fauna 
and flora of the Gatskill of northern Pennsylvania and particularly 
anything associated with or in beds near to the J)ict}/o-cordaitei. 
I mentioned Arehceopterii minor Lx. , and A. minor var. major 
Lx., and very likely not that ttie variety was nnpubllsbed. It is 
a large form of A. minor, separated by professor Lesqnereuz and 
a drawing was made of it " February 19th Mr. Lacoe wrote me 
that ' ' Still another variety [of Arcfueopleris] was described by 
professor Lesquereux, but not figured. " In this last letter Mr. 
Lacoe stated that ' ' We have Haliteriut decheaianvs Qopp. from 
the Oatskill of Heehoppen, several fine drawings of which were 
made for professor Lesquereux." 

There are reference to other fossil plants in the Catafaill, most 
of which are so indefinite that they possess very little value. Mr. 
Andrew Sherwood identified a Sphenopht/llum allied to :S'. antiquum 
Dn. from the Catskill, four mites north-west of Mansfield, Tit^a 
Co., Penn'a.! Prof. I. C. White mentions "small egg-like 

"This species was reported by Dr. Dawson from Jefferson, Schoharie 
Co., N. Y., and at first stated to be Catskill but later, upon the autbortty 
o[ professor Hall, was changed to the Chemung (Quart- Jour. Ueol. Soc, 
London, Vol. XVIII, p. 315 and additional note opposite p. 320). In 
reference to the geological age of this locality Dr. J. M, Clarice wrote 
me, March 5th, 1891, that "The horlzou at JefiFerson, Schoharie Co., 
wberB the F&Uophyton prtncept came. Is Hamilton. From there upward 
the succession la still a question for determination." 

However, the presence of this species In New York rocks, considered 
as of Catskill age. Is shown near the close of this paper. 

fMr. E. D. Lacoe writes me that all ot the species In the atmve list, 
with the exception ol ArClimopleris }ac)tgoni Dn., Cyclopleria vtUi^ Dn. 
and PsUophyCon princeps Dn. are recorded from the Catskill without 
doubt. It Is well known that Mr. Lacoe'a collection of American Pale- 
ozoic plants, at Plttston, Penn'a., Is the most complete In the world ; 
and, I wish to acknowledge the great assistance of this collection In 
verifying the range and distribution of the species mentioned above. I 
would also state that I am greatly Indebted to Mr. Lacoe for bis kind- 
ness !n sending me this data; as well as for other assistance In the 
study of Devonian fossil plants. 

tCanadlan Record of Scleticc, Vol. IV., p, 6, 

i3d Geol. Surv, Penn'a. G, p. 80. 
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bodies whiob Prof. Glaypole suggests are spores of plants " from 
Above Coxton, Lackawanna Co. , Penn'a. * Professor Lesquereox 
identified a Ltptdocytti*, species undeterminable, from Hesboppen, 
Penn'a. t 

One of the seven species of Arehaopterii, A minor Lx., has 
been identified by Geoige B. Simpson from Uie Chemung at 
Boulette, Potter Co., Penn'a.;! while A, obtuta Lx. is reported 
by Dr. Pawetm from the Upper Devonian of New Brunswick under 
the name of Ogclopteri* obtuta (Lx.) Dn.i Archeeopterit jadeioni 
Ite. occurs In the Middle Devonian of St John, N. B. , the Upper 
Devonian of Scanmenac bay, Lower Quebec, and at Perry, Maine. K 

*lMd., O', p. SI ; also, see p. 5S. 

tIMd., O*. Cat. Oeol. Mua., Pt. Ill, 1B8B, p. lie. 

\lbid., p. 248. Sherwood 1& hia report on "the Oeology of Potter 
-County" mentions the occurrence ot plant atema In the Chemung gray 
shale at this iDcalitjr and says that " The Carboniferous atema of reed- 
Ufceplonlt.m particular, are quite numerouB"(ibld., Q>, p. 30.) Prof. 
Lesquereux IdentlSed a apeclmen aatd U> have been found aX Towands, 
Penn'a. as belonging to the above apecles (Proc. U. S. Nat. Mus.,VDi. X, 
p. St). The apeclmen la marked " Towanda Pa., from a boulder " and 
.It is not slat«d whether from the Chemung or Catskill. If it came from 
the aandBtone outcropa near Towanda it would beloDK to rocks that 
have Iwen coaaldered as Chemung. See the geological map of Bradford 
Co., by Andrew Sherwood, and in the accompanying report it ia stated 
that "opposite and a little al>ove Towanda, there la an extenalve out- 
■crop [of Towanda sandstone] containing carbonized atoms of reed- 
like planta " (2d Geol. Surv. Penn'a. Q, p. 38). While In 1985 Prof, 
Lesley wrote that "oppoaite Towanda Is an outcrop of Chemung stuid-- 
stone 300 feet thick crowded with carbonized plant sterna" (Ibid., X, 
p. XXViri). 

fUeol. Surv. Canada. Pos. Plants EHan and Up. Sll. Pt.II, p. 100. 

|ln 1874 Prof. Fontaine reported this apeciea from the "Great Con- 
glomerate " of New river, near Sewell Station, Weat Virginia ( Am. 
Jour. Scl.. 3d aer.. Vol. VII, p. ST ); and also from what he then con- 
sidered Catskin shales, but later changed to Vespertine, at Lewis 'Tun- 
net {Ibid., p. 578). Two years later he mentioned its rare occurrence 
In the "Conglomerate Series" of West Virginia under the generic name 
of Pnteoptertf, but stated that "Only one or two small fragments of 
this plant were found at Sewell Station with coal » " (Ibid.. Vol. XI, 
18Te, p. 383). It la there stat«d that the specimena from Lewis Tunnel 
are not Identical with A. Jackximi as will be seen from the following 
paragraph of the article: "1 may state here that the Palaopterls }<i^- 
«onl of the Conglomerate aeriea, la the typical plant, and very different 
from the plant found at Lewis Tunnel, and given In my previous paper 
a» P. J«ckj>onl I have additional specimens from Lewis Tunnel, which 
ahow without doubt that, as professor Andrews has suggested, this lat- 
ter Is a new species" (Jbld., p. 384). In 1880 it was Stated by Fontaine 
and While, In enumerating the flora of the Conglomerate group of New 
river, that "we And a small ArchtefrpteriK, very near to Dswson's Cy- 
CtupterUJocfestml" (3d Geol. Surv. Penn'a. P', p. 13). In explanation 
of the above references professor Fontaine wrote me, March 8th, 1801, 
as follows: "Only one apeclmen waa found at Sewell Station and it did 
not ahow much of the plant. My opinion now Is that It was not suffi- 
cient to determine positively the fossil as Archaopterlt Ja(A»onL It 
must be regarded aa of doubtful position." 
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Four species, A. hiberniea (Forbes) Lx., A minor Lx. , A. oh- 
tuta Lx. , and A. rogersi (Do.) Lx., are known to occnr in the 
Pocono or Subconglomerate ol tUe Lower Cwboniferons. A. 
tphenophyllifolia Lx., has been found in the Lower Catekill of 
Meshoppen, Penn'at, and A. macilenta Lx. is from Meshoppeti 
and the Catskill of tlie D. L. and W. B. E. tunnel, north of Fao- 
toryville, Penu'a. Of tlie remaining six species P»ihpki/lon prin- 
oeps Dn. is known in the Hamilton and Chemung of New York* 
and is reported as low aa the Upper Silurian of Canada ; while 
Rhacophyllum truneatum Lx. is stated by ila author to occur in 
the Subconglomerate of Tennessee, f Dendrophycat detorii Lx. 
occurs in the Subconglomerate of Penn'a., and in Iowa in a clay 
that is stated by professor Barris to belong to the Coal Meaaures. X 
CyclopterU valida Dn. occurs in the Middle Devonian of St John, 
N. B. \\ Lycopoditet richardtoni Dn., is in the probable Catskill 

•Prof. I. C. White fouiid " vegetable fragments which resemble 
Pritophytonprtncejw Dn," In the Upper Chemung, near Danville Sta- 
tion, Montour Co., Penn'a. (3d Qeol. Surv. Penn'a. O', p. 307). 

t'Thla species was first given by Lesquereux as from the "red 
shale of the Vespertine on the bluffs of the Susquehanna river above 
Plttston " (3d Geol. Surv. Penn'a. P. Coal Flora, Vol. I, p. 313 ). While 
In Vol. Ill, p. 850 U was stated to occur In the Catskill of Coiton Najv 
rows, Penn'a ; but was not mentioned under the Pocono or Subconglom- 
erate of Penn'a, Mr. Lacoe wrote, February 19th, that "lOtaco- 
phl/Itum truiuMtum has been found at but one place [In Penn'a.] and 
that Is in the Catsktll as placed In the Table \a P. Vol. Til, and G'. pp. 
60, 81, where Prof. White mentions the A. miTior In No. aoof the Coiion 
section. Prof. LesQuereui was misled by the thlaninjt out of the Po- 
cono northward, when the table In Coal Flora, Vol. II was made, and 
the habttat of B. truTuyitum given, on p. 313, Vol, I, as Vespertine." 

tProc, Davenport Acad. Nat. Scl., Vol, III, Pt. II, laaa, diagram on 
p. 184 and pp. 186, 188. 

There appears to be no evidence In support of Lesqnereux's statement 
that this species occurs In the Devonian of Iowa. (See, 3d Geol, Surv, 
Penn'a. P, Vol. Ill, p. 701 ; and. Ibid,, An, Rep't for 1886. Pt. I, 1887, 
p. 463 ). 

JProf. Fontaine stated that " CycUrpterit unilda Is common " at Lewis- 
Tunnel (Ani, Jour. Scl„ 3d ser.. Vol. VII, 1874, p. 579); but,ln 1880, It 
was not posltivelf Identified, the reference being that "More rarely we 
find a ?reuropt«r(« allied to ,y./tenti}«a, but. If not Identical with it, » 
plant allied to Dawson's CycUnpterU valiOa (2dOeol. Surv. Peun'a. 
P', p. 7 ). In the above reference It Is not quite clear whether one or 
two species are meant: but, Prof. Fontaine's letter sliows that two- 
species were under consideration. The professor writes " With refer- 
ence to Cyclopterlg vaUda, I would say that the plant found at Lewis 
Tunnel, and supposed 10 be It, did not yield a sui^clent amount of ma- 
terial to render its Identification positive. This must then be left as k 

doubtful C. valUUi. But there is one correction that I would make 

[In reference to the account of the Vespertine flora In P'.] At the top 
of p. 7, It Is stated that there Is found at Lewis Tunnel a Veuroplerta 
allied to S. JUxiiota. This I have found to be a form of An^ueoi)teri9 
hibemlca." 
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of Perry, Maine ; and, Diclyo-cordaites lacoi Dn. is known only 
from the Lower Catakill of Meshoppen, Penn'a. 

In the range and distribution of the epecies mentioned above 
some donbtful references have been omitted and most of the for- 
eign localities have been ignore<l, because they offer no particular 
assistance in the solution of this question. The above summary 
is to be regarded as simply a preliminary one, based on published 
accouDta of this flora, which wilt be somewhat modified when all 
the coUectionB of Catskill plants have been studied. Up to the 
present time the collections of Devonian fossil plante of the 
United States have been widely scattered ; no paleobotauist has 
bad the opportunity of studying all the material, and in fact some 
of the important specimens have scarcely been examined. It yet 
remains for a paleobotanist to describe the Devonian flora of the 
United States as Lesquereax did the Carboniferous or as Dawson , 
has the Paleozoic flora of Canada. Yet, it is believed that the 
genus ArciHBopteria may be regarded as including the predominant 
fern life of this period, which appeared, like the Holopiyehiut , 
fauna, in the preceding Chemung stage and has continued for a 
considerable length of time in the Lower Carboniferous. If we 
accepted Dr. Nenberry's correlation of the Devonian and Lower 
Carboniferous and drew the dividing line at the base of the Che-i 
mung stage,* then the geuus ArckaopterU might be regarded as{ 
characteristic of the Lower Carboniferous. But, as professori 
Williams shows in the above paper, this does not agree with an, 
accurate interpretation of the typical Carboniferous section and 
the professor has given proof elsewberef that the Chemung stage! 
should be included in the Upper Devonian. 

Professor Lesley has recently published an interesting note upon 
the Pocono flora, which would apparently strengthen the claim of 
classing the upper portion of the Devonian with the Lower Car- 
boniferous. The general nature of the evidence may be seen from 
tiie following excerpts: "As this goes to press (October 23, 
1890) I received an important letter from Mr. Lacoe, of Pittston, 
Pa., saying that he has cursorily examined the contents of some 
of the boxes forwarded by hia collector of fossil plants at the 

"See Mon. U. S. Geo!. Surv., Vol. XVI. The Paleoioic Pishes of N, 
A., pp. 23, 77, 84. 

tBull. U. 8. Geol. Surv., No. 41, On the (ossil faunas of the Upper 
Devonian — the 6enesee section, New York, Chap. I; An. Jour. Sci., 
3d ser.. Vol. XXXV, p. 54. 
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Tom's creek, BUckaburg and Price's mountwn minea in Mont- 
gomery county, Vs., and believes that important oooaeqaences 
will follov a thorough study of all the specimens. This is the 
fint good collection of plants from these otherwise extraordinary 
coal beds of tJie Pocono formation No. X. The few which I ob- 
tained tbirty-flve years ago at Tom's creek were enough to show 
Lesquereux tJiat they were rightly placed beneath the red thole of 

XI The flora as a whole is aearer Devonian than Carbon- 

i/erovt ia type. ., .Those Montgomery county boxes which Hr, 
Lacoe opened thow a complete abience of CarboniferoAu form*. "* 

There stlU remain for consideration the famous plant-bearing 
beds at Ferry, Maine, which have yielded a larger number of 
species of fossil plants than has yet been described from the 
Catskilt of N. Y. and Penn'a. The geolc^cal position of this 
flora has long been in question, but the latest reference brings it 
within the scope of this paper. Sir William Dawson described the 
flora and considered it as probably Upper Devonian.t an opinion 
that is stated by the author in later publications without qualifi- 
caUoD.t On the geological maps of the Canadian survey it was 
colored as Lower Carboniferous and said by Bailey and Matthew 
to be " a group of beds lying at or near the base of the Lower 
Carboniferous series, and characterized by an Upper DevoniaD 
flora. " S While more recently professor Bailey has referred it to 
the Devonian and stated that it most nearly resembles the Catstdll 
of New York,* 

Nineteen species of fossil plants have been described from 
Perry, Maine ; the list being as follows : 

1. Anarlhrocnma perryana Dn, 10. liepidoitrohui globo»ui Dn. 

2. ArctucopteriM jacktoni Dn.* 11. LeptophlteuM rhomhicwmDn. 
*2d Gvol. Surv. Puuii'a. I'^ Vol. Ill, ld90, Critical Emendations, p. 

XIII, Note. 

^Can. Nut, and Guol., Vol. VI, 1801, pp. 173-175 ; Quart. Jour, Oeol. 
Soo. ]-ondon, Vol, XVIII, 1803, p. 39U, etc ; Ibid., Vol, XIX, 1863, pp. 

iiM-ol Siirv. Canada. Fos. Plants Erian aud Up. 811, Pt, 11. 1832, p. 
97 ; The (Jdologloal History of Plants, ISMrt, p. 107. 

S()(«l. Siirv. Canada. Reii'i. of Progrosa for 18TI>-'~1, p. 300. 

'Proc. and Trans. Royal Soc, Canada for 18Ha, Vol. VII, 18B0, Sec,IV, 
p. «(). 

■S|ih*>in;ifert(i hUchcDckliina Dn, Is here considored as a synonym of 
A. Jitrkuinl Dn. Thi- rcaMinii for tills reference are as follows: In 1869 
St'himper wrot^i "Le S(rfi«mj))fcrts hlKJiccjoWiiiia de Dawson lepr^sente 
^videniment la frnctllii-atlon de eette esp^e [CyctopterU Jacfcsonl]" 
(Tralti^ pal. vi^fc.. Vol. I. p. 478.) Dawson In 1S71 considered tbls atale- 
inoni and said " S('hlni)>er suggests that my Sphenoplerie AUcficochlana 
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3. ^re&iKopteritroyeivt(Dn.)Lz. 12. LycopodiU* comonu\ya.. 

4. Carpolithu* lunofut Da. 13. " riehardtoni Do. 
6. " nliqtui Dn. 14, Ptilophyton eltgana Dn. (?) 
6. " fptco(M* Do. 15. " glahruTnMn. (?) 
1. Cordaitei fiexuorwi Dtl 16. " ^mncepi Dn. (?) 

8. CyclopUrit [PlcUyphyllwnC) 17. SphenopUrti reearva Dn. 

browniiBn. 18. Stiffmaria putilla J>a. 

9, XepuJodetK^roM^tupianumDn 19. TVi'cAomanilM _;!JiciJa Dn.* 
Ten of the above apecies are confined to Perry and the geolt^- 

«al range of the remaining nine is given below. The range of 
ArchcBopteri* jaduoni Dn. was given under the list of plants from 
the Catskill of Penn'a* and New York ; while A. rogerti (Dn.) I^x. 
ia in the Catskill of Penn'a. and Pocono of Va. Lepidodendron 
goMpianum Do. ranges from the Hamilton of N. T. to the Sabcon- 
glomerate of Ohio, and Leptophlanm rhombtcMm Dn. f occurs in 
the Lower Devonian of Oampbellton, N. B., and Middle Devonian 
of Cl-asp^, Lower Quebec. Lyeopodite* richardtoni Dn. occnrs in 
the Catskill of Penn'a, an d CyclopUrit (Platyphyllnm) brownii Dn. 

may be the fructifl cation ol one of the above ferns of the geniis .Arch- 
jgopteriK. I regard thin as quite possible, but have no direct evidence 
of it" (Pos. Plants Dev. and Up, SIl., Pt. I, p, 49j Under the de- 
scription of the speciea It Is further stated that " The saggestlon of 

Schlmper that this species may be founded on fertile pinnules of 

Cyclopterls of the auhgenua Archffiopterls, Is deserving of attention" 
(iblii., p. as); while, on p. 191 In explanation of ftg. 17,^ ol pi. XV occurs 
the statement that " This species may probably he founded on fertile 
plnnffi of Cyclopteris Jacksonl. " Leaquereux In 1880 wrote " That this 
figure represents the fructidcallon of a species of Ardlweopleri* is posi- 
tive, and Prof, Dawson has already recognized the accuracy of this 
reference; buC,in the absence of sterile leaflets. It Is not possible to say 
to what species the fragment is referable" (3d Oeol, Surv. Penu'a. P, 
Coal Flora, p. 304.) This opinion was re-afSrmed hy Lesquereux In 18S4 
when be said that "This plant as flgnred, appears to represent fruiting 
branches of some species of ArchxopKrU {Ibid,, Vol. Ill, p. 837.) 
Finally, Dawson in IHStI provisionally accepts this synonomy and states 
that ho "refers this fructification to ji. J((c)»ont, because that Is the 
only species found with it." (Ibid., P*, Vol. I. Errata, p. VI.) 

*In addition to the above list Dr. Dawson has Identlfled specimens as 
belonging to the following genera; but, owing to the Imperfection of 
the material, he lias not been able to Identify tliem speclBcally. 

1. AporaxyUin sp. Dn. cf. primigenlum Ung. 

2. Cyperlua sp. hn. 

3. Dndoxylon sp. Dn, ct, owtnoondiaimm Dn. 

4. Megavf^ytom. 1 sp. Dn. 

ft. Unnamed pinnule of fern. 

tWm. Carruthers In 1872 (Quart. Jour. Oeol. Soc London, Vol. 
XXVIII, p. 351) stated that he regarded this species as a fragment of 
Lepidodendrmi ncuplanum, and on p. 353 identified It asL. nofhumUng. 
Tton Salter. Dawson In 18X2 (Fos. Plants Erian and Up. 811., Pt. II, 
p. 105) reafllrmed the distinctness of these two species and gave a 
synopsis of their more distinctive characters. 
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in the Upper Devonian of Scaumenac bay, Lover Quebec. 
It ia thought by Dr. Dawson that three species of Pnlophi/ton 
have been found at Perry,* P. fftabrum Dn., which probably 
occurs in the Upper Silnrian at Gasp^, is known in the Lower and 
Middle Devonian of Gasp€, Jjower Quebec, and the Middle Devon- 
ian of N. B. ; I*, elegans Dn. Middle Devonian of Gaspg and N. 
B. ; and P. prineepi Dn. , whose range is given above. It will 
be noticed that this flora is more closely connected with the pre- 
Carboniferons than with the Gaboniferous floras of Canada and 
New Brunswicli, while in the United States it is related about as 
closely with the Lower Carboniferous as with the Chemung and 
Hamilton. 

A recent,letter from Sir William Dawson, in which bis views as 
to the age of the Catskill flora are expressed in a very concise 
manner, will form an appropriate termination to this review of 
that flora. The Buggestion that the Devonian flora in migrating 
south and west possibly appeared at a higher horizon, a principle 
that bas been frequently observed in the study of Tnarine faunas, 
would seem to offer an explanation of tiie somewhat different 
opinions as to the age of this flora, that are held by the several 
paleobotanists who have studied it in different geographical areas. 
The above sentence calls attention to the fallacy of attempting 
precise correlation for the geological formations of widely separa- 
ted regions from simply lists of fossils common to the formations, 
without careful study and consideration of the stratigraphy and 
other related geological facts. This rule was probably somewhat 
overstated by Huxley, in his noted addi-ess before the Geological 
Society of London ;t but, a concise and modern exposition of this 
and other principles for the guidance of "geologists concerning 
the correlation of formations and the interrelation of presumably 
contemporaneous fossil faunas and floras " was admirably enun- 
ciated by Dr. Charles A. White in 1889. 3 

Dr. Dawson's letter is given below and since its distinguished 
author has studied this flora far more carefully than any other 

•Quart. Jour. Geol, Soc. London, Vol. XIX, 1S03, p. 483. 

fAnniversar; Address. Quart. Jour. Geol. Sac. London. Vol. XVIII, 
1863, pp. XL-I. In particular see p. XLVI where It Is stated, that "For 
anylhiiig that geology or palieontology are able to show to the contrary, 
a Devonian launa and flora In the British Islands may have been con- 
temporaneous with Silurian life iu North America, and with n Carboni- 
ferous fauna and flora In Africa. " 

^Address by professor Charles A. White, vice-president, Section B, 
In Proo. Am. As. Adv. Science, Vol. XXXVIII, pp. 333-338. 
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paleoQtologiet it ia of especial value in this discussion and deserves 
the most careful coDsideration. 

McGiLL CoLLBOE, MoHTBEAi., Februftf? 18th, 1891. 

Dea£ Mb. Prosseb: — In reply to your queatioD respecting the Kge of 
the Catsklll Flora— speclea of Archteopterts, Cyclopterie valida, Btuico- 
phytttim eruneatum (which Ithiok !s probably founded on a torn and 
Imperfect specimen ot my Platyphyllum broumil, as Lesquereui 
himBeir suggested), XifCopodUesTichard^onf, PHlophyton prtncejis, etc., 
etc. I would say that such a flora, If found In Canada, would certainlv 
be Upper Eriaii, and not Lower Carboniferous, for the following among 
other reasons : — lat. This flora occurs at Scaumenac, Bay de Cbaleur, 
In beds holding PterUMhyg and other Devonian flahes, described by Mr. 
Whlteaves of our survey,* and underlying uncomformably the lower 
conglomerates of the Carboniferous (Bonaventure formation of Logan). 
These beds are mostly grey sandstones and shales with some red beds at 
top, and the Carboniferous conglomerates are also red, the whole ex- 
posed In fine aectlons.f 2d. We have In Nova Scotia, well exposed and 
rich In plants, the lowest Carlxinlferoua which I have called the Horton. 
Series, and parts of which some of our younger geologlsta seem disposed, 
wrongly I thlnli, to class with the Devonian. It contains aqulte distinct 
flora (Lepldodendron corrugatum, Anelmitee acadiea, etc.), not found 
anywhere In the true Upper Devonian beds. 

These reasons I regard as conclusive, and they cause me to consider 
the beds ot Ferry, In Maine, true Upper Erlau, though It Is apparently 
not easy to separate them strati graphically from beds of similar mIneraT 
character In New Brunswick, regarded as Carboniferous. 

As the Erlan flora migrated from the north and east. It Is possible 
that south and west Its plant types may be found at higher horlxons, a» 
has been supposed In Ohio (Newberry, Andrews,) and Virginia (Meek, 
Fontaine,) and therefore I would not be too confident as to these, but 
would be Influenced by associations of other fossils and by distinct 
spocles of Devonian genera. As to the Catsklll region, however, there 
Is I think every reason to believe that It conforms nearly to our Cana- 
dian types of the formation. Truly youra, 

J. Wu. Dawsoit. 
It innst not be hastily concluded that if the dividing line be- 
tween the Carboniferous and Devonian be towered from the top of 
the Catskill to its base that it will always give a precise dividing 
line. On the contrary it is doubttol if in the Appalachian Pale- 
ozoic area the line separating the Catskill from the Chemang can 
be determined with as great precision ae the line between the 
Catskill and Pocono. ProfesBor Williama has previously called 
attention to the difficulty of eeparating the Chemung from the 
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CaUkiU in eaatera New York,* and in hia "Beportot the Sob- 
Committee on the Upper Paleozoic (DevonLc)" to tlie Foortli 
Intemational CongresB of G«<dc^^ta, ttie profeeeor said, ■■The 
Oataliill stage in eastern New York follows the Chemung fauna 
in general, bat the fact that species of fish and plants which 
characterize the typical Catskill rocks have been found in strata 
having Chemung fossils above them, makes it impossible to locate 
the predse equivalencjr of rocks marked only by the one or the 
other of these types of fossils, "t In another publication professor 
'Williams has writtoi more fully upon this topic and the following 
quotation gires a good idea of his views at that time. ' 'In regard 
to the Catskill group, my studies have led me to believe that the 
Catskill red rocks of the east offer evidence of having been con- 
temporaneous with a great portion of the Upper Devonian rocks, 
&nd a comparison of faonas, at least, goes to show titat the base 
of the red beds does not form a definite and onif orm horizon .... 
This shutting off of the sea [with its Chemung marine fauna] took 
place earlier in the eastern than in the western part of this New 
York-Pennsylvania area, and there is reason to believe that in 
Sallivao county. New Yorii, it was as early as the reign of the 
Hamilton fauiid8."t 

My field studieB, the past summer, in the eastern Catskills of 
Ulster and Greene counties, New York, have shown the correct- 
ness of the last sentence in the above quotation. In that region, 
along the line of the Ulster and Delaware R. R., the last marine 
fauna is composed principally of Hamilton species, above which 
are fossil plants of Hamilton factes ; then non-fossiltferous shales 
and sandstones in which the first of the reds appear ; still higher 
arenaceous shales and sandstones in which species of Arch^BOpterit 
occur ; and at the " Summit " gray and red sandstones, with some 
pebbles, but no fossils. Fifteen miles northeast, a section along 
the Eaatersklll creek and up Sound Top mountain agrees in gen- 
eral with the above section ; but, differs in having a great devolop- 
ment of massive conglomerates and also the Ardiaopierii zone was 
not noticed At the Great falUi of the Eaaterskill are numerous 

•Proc. Am. As. Adv. Scf., Vol. XXXIV, 1S88, p. 834. 

fAmerlcan Geologist, Vol. II, 1888, p. S41 ; or, Reports of the Amer. 
Comiu. to the London Session of llie Int. Cong, of (jroologlsts, Pt.C, p.l9. 

tBull. U. S. Geol. Surv., Ko. 41, 1897, p. 27. 

JTIiese fulls, which are also known as High falls and Big falls, are 
between three and four miles down the creek from Paleiivltle. 
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specimens of Spin/era granulifera, Hall, S. medialit Hall,* 
Chonetes corona/a (Con.) Hall, and other characteristic Hamiltoa 
species ; above this the blue flinging stone ; then blue and gray, 
with an occasional layer of red to Palenville, at the entrance of 
the Kaaterekill Clove ; in the Clove layers of reds alternating with 
grays predominate, bnt also some of blue and green occur, and 
in the lower portion of the glen are the flah beds of Sherwood ;t 
then massive conglomerates alternating with grays and reds ; and 
finally, forming the upper part of Round Top, principally coarse 
gray saadatoneB, which Hall and Ashbumer called Pocono. i Near 
the foot of the Cascades below Haines' falls, and about four 
hundred feet below the base of the heavy conglomerate, so well 
exposed in Twilight park, in one of the bluish-gray arenaceous , 
layers, are DumerooB specimens of PtUophyton princepi Dn,{ ■ 
This horizon is several hundred feet above the top of Sherwood's | 
fish beds and consequentiy would be in the midst of undoubted 
Catekill as defined by professor Hall.' In this great thickness atl 
rocka* careful search failed to reveal any fossils, except the flshj 

*Prot. DavlB la 1883 Btated that "Sptr^er mueronaau and mediaUa 
are both ot common occurrence " at this locality (Bull. MuB. Comp. 
ZoOlD^y, Harvard College, Oeol. Ser., Vol. I, p. 318). 

fProc. Am. Phil. Soc, Vol. XVII, 18T8, p. 346. In couuectlon with 
thia section see Ashbarner's Interpretation In 2d Qeol. Surv. Penn'a. F, 
I8TS, pp. 2 IB, 21U, and Prof. Hall's account In the setb Bep'C. N. Y. 
State Mua. NsC. Hist. 1879, pp. 14, 15. 

tProf. Hall In Proc. Am. Ab. Adv. Scl., Vol. XSIV, 1876, p. 83, and 
a8th Bep't. N. Y. State MuB. Nat. Hist,, p. IS; Ashburner in 2d Oeol. 
Surv. Penn'a. F, pp. 818, 319. 

|Iq order to remove any doubts as to the correctness of this Ideuttfi- 
catlon si>eclmens were submitted to Sir William Dawson, who wrote me 
March IBth, 18H1, as follows : "So far as I can make out, moat ot Ibe 
plants are PHlophyton prlncep». One seems to have sporocarpa at- 
tached, and the broader stems are, I suppose, rhlzomata 

As to the age of your specimens,— though PgOophyton occars Id the 
Upper Devonian, I have not found beds so exclusively filled with It as 
jours seem to be, except In the middle or lower division. Perhaps It 
held out longer further south, like some other plants. " 

'See Proc. Am. As. Adv. Scl., Vol. XXIV, 1876, p. 83, where Prof. 
Hall stated that "The occurrence of this fossil [CypricanJUe* cotehlU- 
enttt] may. In my opinion, bo relied on as characterizing the base of the 
Catsklll formation, while the Holoptt/chtut marks the beds above, but 
still 1b not known above the middle of the formation. " While In 1879 
Prof. Hall In describing this particular section said "On the eastern 
face of the Catskills, Id the gorge known as the Clove, the same beds 
[Catsklll] have been recognized charged with the remains of Hnlopty- 
chlug, similar to those of the beds near BlosBburgh, Pa., and elsewhere" 
(S8th Bep't, N. y. State Mus. Nat. Hist., p. H.) 

'Sherwood's measured section from Palen villa to the summit of Round 
Top Is 3,483' (Proc. Am. Phil. Soc., Vol. XVII, pp. 346, 347); while 
Prof. Hall In discussing It Bald "The section measured from Paleuvllie, 
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fragments and plants, above the fauna first mentloiied, which is 
regarded ae probably belonging to the Hamilton stage and certunly 
is not later than the fauna of the "Ithaca grouff. " 

In the preparation of that portion of this paper relatjng to the 
range and distribution of the fossil plants, I would acknowledge 
great assistance from data contained in the Division of Paleobotany 
of the U. S. Geological Survey, wMch Prof. Lester F. Ward has 
kindly placed at my disposal. 

U. S. Geological Survey, March 1891. 



NOTES ON THE GEOLOGY OF THE SOUTHWEST. 

Br BoBKBT T. Hu^ Anstin. Texas. 

Thiekneu of the Upper Cretaceou* MarU. — It is impossible, 
owing to the softness and lack of good exposures, to measure by 
surface sections the thickness of the upper Cretaceous beds in 
central Texas. An artesian well at Tliomdale, however, penetrated 
2000 feet of the Glauoonitic beds and ExogjTa ponderosa maris. 

Foraminiftra of the Texat Region. There is a fertile field for 
study on the micro-paleontology of the upper and lower Cretaceous 
beds of Texas, and some of the Foraminifera are most interest 
ing. I have recently seen a beautiful Rotalla from the uppermost 
upper Cretaoeous, collected by Mr. J. S. Stone, while the Austin 
and other chalks are abundant in undetermined forma The Nodo- 
taria texana, at Conrad, belongs to the Benison beds and their 
southern continuation — the Exogyra arietdna clays. This form 
literally composes great masses of limestone west of El Paso, at 
Del Bio and other points on the Pecos region of Texas. I have 
also found it at Roanoke in northern Texas in the the ferruginous 
sands of the Deniaon beds. Another form, the Tinoponu texana, 
of Roemer, occurs as the substance of a beautiful chalk stratum 

tn Green conntjr, to the top or Round Top mountain, gives an entire 
thickaeas of nearly 3,S0O' " (2Sth Kept. N. Y. State Mus. Nat, Hist., 
p. IS.) The sum of Aahburner'a totals, for the several subdivisions of 
this section, is 3,939' ; but, the thickness of the red beds Is I,SS9' In- 
stead of 2,3ie' as given by him and in addition be counted the 37' of 
bed No, H5 twice {id Geol. Surv. Penn'a. F, pp. 218, 219.) The entire 
thickness of the series under consideration, extending from the top of 
the Hamilton group to the summit ot Round Top, was estlmat«d Ytj 
Prof. Hall to be 5,800"' (Proc. Am. As. Adv. Scl., Vol. XXIV, pp. 88,83.) 
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in the alternating beds of the Trinity division of the Comfinche 
aeries, and a suite of spectmenB has recently been forwarded to 
Washington for the educational series of the U. S. Oeoli^ical sur- 
vey by Mr. Wilson Davidson. European friends Inform me that 
this form is very characteristic of the Aptian horizon of that coun- 
try. The most remarkable foraminifer of the Comanche aeries, 
however, is the large strawberry-ahaped form which I described 
lately in the American Journal of Science, which occurs associated 
with tiie last mentioned species in greatest abundance. I am in- 
formed by friends at G-Qttingen that this is a new genus. I shall 
be glad to aid any student who will undertake the systematic study 
of the Foraminifera of the Cretaceous beds of Texas.* 

Recent Indian Work-Shops of Central Texas. No country can 
present such ideal conditions for aboriginal nomadic existence as 
the lower Cretaceous hills of oentral Texas, and here the Coman- 
ches, Hnecoe, Lipan and Kiowas for many centuries lived what must 
have been a most perfect aavsge life. In these plateaus and mesas 
ie an extensive development of flint nodules, a clear, translucent 
variety, resembling in everj- lithological aspect the Cretaceous 
flints of Europe. The region has many springs and water holes, 
and near any of them can be found work-shops where the Indian 
manufactured spear and arrow heads. The prevalent method 
seems to have been to rudely fashion the nodules into "turtle 
backs " at the flint beds usually near the escarpments of the mesas, 
and then to convey their unfinished products to the water holes 
where they could be Anally shaped at leisure. 

Near an old Comanche trail in western Travis county neariy 
every flint seems to have been broken or tested, and numerous 
"failures" are found which the old school archeologlst would 
vow are perfect types of European paleolithic implements. 

I have obtained numerous evidences that their implements were 
manufactured in this century, not only from the fact that the Im- 
plements are always on the surface and never buried but from 
ocular witnesses to the fact that the Comanchee and other tribes 
actually used them in their warfare with the white men. 

?%« Tertiary haiin of the Lower Rio Qrande. 1 have recently 
devoted much time to the study of the faulted mountain structure 

*It will be gratifying t othe friends of science to know that Prof. W. 
B. Clarke of Joha Hopkins la underCaklng a systematic study of the 
North American Cretaceous Echinodermata. Not a single Ftroup of our 
magaiQc3Dt Cretaceous fauna has as yet been presented In a systematic 
manner. 
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and int«rveniDg Tertiary bafiine of the Texas-Mexican region. 
From San Antonio weetward to Del Kio, and thence soatlieaAtward 
througli Mexico to an indefinite distance coaatward bej-ond Lam- 
pazoa, Mexico, iaclnded between the eastward escarpment of the 
Comanche series plateau of Comal, Uvalde, Medina and Maverich 
counties and the Santa Rosa mountidn group of Mexico, at an 
elevation of 400 to 1000 feet above the Rio Orande, there are pre- 
served many remnants of a grand detrital deposit of either a fresh 
water lake or a great embajment of the gulf which existed ia 
comparatively recent Tertiary or Quartemary time. This deposit is 
composed of flint and limestone pebbles and boulders of material, 
mostly from the Comanche rocks, cemented by a calcareous ma- 
trix. Terraces, benches and remnental patehes of this material 
are found around the perimeter of the whole area in great thickness, 
while estuarine embayments extend far up Uie cations of the 
streams flowing into it from the mountain. The caQon lUo Frio 
in Uvalde county, Texas, for instance, gives a flue view of this 
fact While the headwater erosion of that stream is still progress- 
ing, and destroying the grand Cretaceous plateau of Edwards and 
Uvalde counties, the lower half of the caDon, from one to three 
miles in width, is a level valley filled with fifty feet of this ancient 
debris, through which the stream is now cutting. I propose the 
name Uvalde formation for this terrace and shall discuss it more 
folly in future papers. 

The Age of the Strata at Marble /alls and Shinhone ridge. 
In the American Geolooist for November 1889, I published a 
paper entitled ' ' A Portion of the Geologic Story of the Colorado 
River of Texas," in which I assert the rocks of Marble Falls and 
the adjacent Shinhone ridge in Burnet county, Texas, to be of 
Carboniferous age. Inasmuch as my determination of the fossils 
were made by professor H. S. Williams of Cornell University, 
who is our best American authority on the later paleozoic rocks, 
I was somewhat surprised to read in Dr. Theodore B. Comstoek's 
paper on the "Geology of tiie Central Mineral Disteict" in the 
First (Second) Annual Report of the Texas Stete Geol(^ical Sur- 
vey, that he had proved "beyond all doubt" that my concluaions 
were wrong, and that the strata at Marble falls were "Devonian" 
and those of Shinhone ridge < < Silurian. " Inasmuch as he gave uo^ 
paleontologic or other reasons for this remarkable diversity in age 
of the same stratum, I recently revisited the region in company 
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with Dr. Cooper Curtice of the U. 8. Geological Survey, and reri- 
fled my observations by collecting a large and abundant fauna of 
typical Carboniferous forms at both localities, which are one and 
tiie same stratum, inctudii^ Zaphrentis, Productus, and other 
typical Carboniferous species, all of which are on deposit in the 
Smithsonian Institution, where they can be seen. I shall be glad to 
furnish specimens of this fauna to all iDterested. Dr. Comstock 
also kindly remarks that I "hit" upon the age of the adjacent 
Bumet granite. Possessing the average amount of that humanity 
which is liable to err, especially in the stady of those geologic 
specialties which are beyond my own narrow branch of the science, 
I must confess that the age of the Bumet graaite is tiie only " hit" 
in the above mentioned paper wherein I missed, for I have since 
found that the overlying and contacting Potsdam sandstone is 
largely composed of this granite's debris, quartz, and feldspar and 
that Walcott's original determination of the pre-Potsdam age was 



jSolian depotiti of Eddy county, New Mexico. The main 
western escarpment of the great mesa of the Llano Estacado is 
about fifty miles east of the present channel of the Pecos river, 
which has cut down through the fine clays and sands of the Bed 
beds (Fermo-Trias) and is blowing at this contact with the hard 
Permian limestones. The prevalent winds in this extremely arid 
r^on are from the west, and the fine sandy debris of the Red 
beds is blown eastward until its course is obstructed by the western 
escarpment of t^e Llano Estacado, where it forms a long strip of 
almost impassable sands 100 miles long by ten miles wide. So 
excessive is this wind erosion in the New Mexican portion of the 
Feoos valley, that sand storms are ver)' prevalent, and I saw 
nearly ten bushels of fine sand swept from a lai^e veranda as the 
accumulation of twenty-four hours time. 

Pottible Utei of lignite. — The manufacture of the woody, 
fibrous lignites of the Eocene beds of Texas into briquettes is the 
subject of great discussion in Texas at present. That this cannot 
be done profitably owing to coat of manipulation has been proven 
by the extensive experiments of the Houston and Texas Central 
railway company. But there are other uses to which this in- 
exhaustible mass of fuel can ' be pub Burned in litu the enei^ 
can be converted into electrical force and transmitted cheaply for 
industrial use. "Artificial natural gas," or water gas can also be 
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manuiactured with it and piped to leading industrial centera at 
trivial expense. Alre&dy la^e quantities are being utilized as a 
Bubstitute for cliarcoal — wliich it nearest resembles in plij&ical 
propertieB — in the refinement of sugar. 



REVIEW OF EEOENT GEOLOGICAL 
LITERATURE. 

The iron ores of Stinr\eeota. Their diaeovery, deuelopmem, giutlitf«« 
and origin, and compaTlson uiilii those of other Iron MMrlctt; wtOt a 
geological map, 26 flgtirei and 44 platec; 430 pp. 8vo. Bt N. H. and 
H. V. WmcHRLi^ Minneapolis, ISSl. (The Oeol. and Nat. Hist. Sur. 
of Minn. Bulletin No. 6.) 

This Is a work which was instigated by the law of 1S8T, requiring 
the state geologist to make special examinations for the discovery of 
any economic product, as the preface Informs us, and certainly the 
authors have no need to apologize for not having sunk the approprls^ 
tiOD In holes In the ground designed to lay bare parts of strata that 
have not been seen before. 

The Information contained In this volume Is of far greater yalue than 
the discovery of a new bed of Iron ore would have been, because It gives 
the most valuable Information not only to the statistician, statesman, 
fumoceman, and miner, but especially to the class to which all of the 
above come for the Information which they apply to economical work — 
the class of aclentlQc geologists. 

This work Is comprehensively arranged Into eight parts and four 
Appendices of which Part 1 contains all of the valuable new research 
and the rest Is devoted to history, statistics, speculations, and lists. 
Nevertheless, so naturally do these latter follow the more original re- 
search of the first part, and so exhauatlve Is their treatment of the 
various subjects that they may also be said to directly contribute to our 
knowledge. 

Especially Is this true of Part IV which Is concerned with the origin 
of lion ores ; Part V, the bibliography of this subject with full cita- 
tions from all who have entered this field of theory ; and Appendix A 
which Is a disquisition favoring the theory of the precipitation of the 
Eeewatln ores and their distribution as a sediment, In opposition to a 
melasomatic genesis. 

The 41 plates, including colored lithographic representations of 
thin sections of rocks, phott^rapbs o( scenery, machinery, etc., maps 
and tables are admirably executed aud worthy of the book which 
marks an epoch In this kind of work. 

A hurried glance at Part I, which has the strongest bearing on the 
future Iron industry, shows that It Is divided Into seven sub-headings 
following a sketch which shows the " recentness " of the development 
of the Minnesota ores. 
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The key-note of the Interesting discussion of the Vermilion and 
Keewatln ores Is contained In the statement that the Vermilion magnet* 
it«s are embraced In the schists Immediately superimposed upon the 
Lauren tlan gneiss. They are believed to be due to hydro-thermal 
forces acting within the earth's crust on sediments and iron ores which 
were nearly In the condition of the rocks of the Kcowatin series which 
Is that next following the Vermilion. This fact is assumed, and the 
toHowlng comparative tables of the constitution of the Keewatln and 
Vermilion rocks open the subject. 

Keewattn. Vermition. 

A chloritic mineral. A horblendic mineral. 

A sericltic minenl. A micaceous mineral. 

A leldspalhic mineral A feldapathlc mineral 

(Kenerally ptagloclase}. (ft«qoeQtlr orthodase). 

Hematite iroD ore. Uaonetlte iron ere. 

Good reason Is shown for supposing that the change from chlorite to 
hornblende msT take place by the lose of water and the absorption of 
lime. The evolution of the VermllloD biotite through bydroblotlte, and 
hydromuscovlte, to muscovite are ascribed to bydrothermal action. The 
change from plagloclsse to orthoclaee Is accounted (or by heated alka- 
line solutions reaching the mineral while under partial or complete 
bydrothermal fusion. That magnetite can result from hematite through 
the agency of beat and moisture is taken aa one of the commonest 
phenomena of melamorphism. 

The Keewatln rocks are deQned as of original volcanic origin as toffs, 
altered and deposited by the hot Keewatln ocean. 

A description of diamond drill holes near Tower, shows the frequent 
alternation ot the schist with the ore and Jaspiiyte. A well executed 
plate of tour colored sections represents the studies of Dr. Hensoldt of 
some of these rocks. 

But the main point contended for, viz: that there has been a com- 
pleted cycle of evolution of the Blotile through Hydroblotlte to Musco- 
vite and back again to BlotlCe, that the Keewatln type has changed to 
the Vermilion and back again to the Keewatln by the recurrence of 
similar agencies. Is a strong corroboration of the theory of cyclomor- 
phlsm which was emphasized in a paper read before the British Ass'n 
In 1BS8 entitled, " The nucleal rangee of the Antilles," wherein It was 
shown that Just such complete cycles ot change had been passed through 
by the crystalline rocks of Cuba. 

It Is Interesting In this connection to note the correspondence of the 
association of red and purple Jasper nodules occurring throughont the 
green schist with the same phenomenon described by the writer In the 
geological survey reports of Penna. and named by him "Mountain 
Creek rock," because found abundantly along the Mountain creek of 
South mountain in Cumberland, Adams, Franklin and York counties, 
Penua. In tbU latter region the average size of these fragments Is much 
less than In Minn., but occasionally there would be found amass several 
feel In diameter. It was found also Impossible to draw a distinction In 
ag« between the red and amethyst (or purple) quartz fragments and the 
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enclosing schists. The signlHcance ol the analogy Is that it the writer's 
structure of the South mountain be correct, these " quartz conglomerate 
schists" (as they are alao called by bim) represent the lower or nucle&l 
ftntlcllnal ot the complicated series of folds representing this mountain 
chain and were considered as Immediately overlying the Laurentlan 
(See Beports 2d Qeol. Survef of Penca. Vols. C S, C 3, and C 4). In 
Pennsylvania, however, they were not associated with Iron Qres. Both 
specularlte and native copper, however, are associated on the East flank 
of this mountain with chlorite schists and thin beds of the rocks named 
Jasper by H. D. Rogers, and shown by Hunt to consist of a paste of or- 
thociase mingled witb extremely finely divided quartz grains. The cor- 
respondence between these phenomena in the Vernjlliou range tn 
Minnesota and the oldest part of the Appalachian system In Pennsylva- 
nia Is of great interest. 

A strong case is made for the distinction of two periods of brecclation 
of the Jaspilyte. The first period being at or about the time of the pro- 
duction of the ore and jaspilyte and the second being with much show 
of reason ascribed to primordial time. 

Dr. Hensoldt's argument in favor of the precipitation origin of the 
]a3pliyl« deserves to be well considered, but in view of the very Impor- 
tant bearing the question of genesis has on a large series of rocks In the 
East It should be passed through the probation of criticism before it Is 
Unally accepted. 

His plea is in short that under a nioderat« magnification this rock 
constituent exhibits the "mottled" appearance peculiar to novaculyte 
and hot-springs deposits. He finds In the qnartz of the Jaspilyte the 
same diversity In color with rotation around an axis, and the same 
absence of fluid enclosures as In the well known deposits ot amorphous 
silicas. 

He finds, however, a difficulty In the comparative uniformity and more 
or less hexagonal outline of the grains. His conclusion is both 
plausible and bold. He imagines a series of volcanic Irruptions under a 
hot and dense sea-water charged with tree hydrochloric, sulphuric and 
other acids. The Iron of the magnetite in these lavas was, by reason of 
Its greater specific gravity, first deposited as a fine mud, and following 
this thO silica was deposited in drops as gelatinous silica. These drops 
pressing upon each other effected the "hexagonal outlines" as Is the 
case with basaltic columns. The salts of calcium and magnesium being 
of low specific gravity were transported elsewliere. He further supposes 
that there was usually a cessaliou of the deposit of the Jaspilyte while 
the materials of the green schist were being thrown down, but that oo- 
caslonally they were thrown down together; and that after the deposit 
of a few thin beds those were disrupted and contorted before the formiv- 
tion of the next succeeding hands. His hypotheses are Ingenious but 
cannot be said to be fully satisfying. 

The authors feel Justified in announcing that from the widest com- 
parison ot all the available data concerning the Eeewatin and other ores 
" the Eeewatin ores of Minnesota as produced from the mines at Tower 
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and Ely are purer Chan any ores mined to any extent in the world." 
This is based upon the fact that one-half the ore mined is low in pbOB- 
phorua, and nearly one-half contains over SS p. c. metallic Iron and less 
than 0.06 p. c. phoBphoruB. The other half Is not quite up to Bessemer 
standard, bat Its grades are guaranteed to run as follows : Vermilion, 
66.66 p. c, Soudan, 6a. p. c. and Red Lake, 62. p. c. metallic iron. 

TbU Is a great showing taking Into consideration the high authority 
which le responsible for It. 

In the consideration by the authors of the origin of the Keewatin 
ores ( p. loa ), there Is a contradiction of the conditions supposed by Dr. 
Hensoldt In explaining the deposition ot the ores (p. 75 ). In the latter 
he speaks of the heated waters of an ocean heavily charged with hydro- 
chloric, sulphuric, and other acids, vrhereas the authors In the firsit 
citation supposed the volcanic outburst to come in contact with heated 
"aOiaUne" waters. 

In the explanation (p. 110) of the abundance of Iron and silica the 
authors say "these two minerals would have been the first to tree them- 
selves from solution and appear as precipitates on the bottom ot the 
sea." This does not, however, explain why such a base and such an acid 
should not. In the poetic language of the previous page, have each taken 
the partnerless other and descended to the bottom so conjugated that 
tbelr exploitation as silicate of Iron would not to-day be a remunerative 
enterprise. If It Is answered thai the form of Iron which was ejected 
by the submarine volcano was Fe. (Fe 2). Still a little less than 25 
p. c. of all the Iron thus released would be like the silicic acid in the 
nascent state and In the most favorable condition to combine. Yet there 
Is no record of any large percentage of iron silicate among thesedeposlts. 

A similar origin is supposed for the Taconic as for the Keowatlu ores. 

In the synoptical review the presence of titanium is taken In the ores 
of the Vermilion series to Indicate an early eruptive origin of the ore, 
and the Vermilion Itself as upper Laurenttan. The Keewatln ores are 
the chronologic equivalent of the ores of the Laurentlan gnelses of tho 
eastern border. The Taconic (Huronlan) ores consist of non-titanle 
magnetites at the bottom, Jsspilltic hematites next above, soft hema- 
tites, and titanic magnetites. The Cretaceous llmonltes are unimportant 
In Minnesota. 

The careful compendium of views on the origin of iron ores does great 
credit to the Industry and conscientiousness of tho authors. Few sub- 
jects have over received such a thorough treatment. Besides a classlH- 
catlon of eighteen theories of the origin of Iron ores and a tabular 
statement of the geologists who have favored each theory, there is at 
the end a digest of the views of geologists from the earliest times in 
alphabetical order, occupying 73 pages and containing all ot importance 
that has boon written on the subject. 

Appendix B is a reprint of a paper read before the Qcologicai Society 
ot America on the Tacoulc Iron ores of Minnesota and western New 
England. Appendix C Is a recent paper by the stale veologlsi of 
Minnesota before the Minnesota Academy ot Natural Sciences, 
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The whole volume ia an enduring monument to the ability and faith- 
fulness of its authors, and one at the best examples In tlie language o( 
how such a worlt ought to be done to coDform to the demands ol the 
State and to satisfy the expectations of scientific men. F. 

Su-nvmary rtport of Oie Oeological Survey Department {Canada) for Oie 
year 18S0. Octavo, Ottawa, 1891, pp. S7. Bjr Alfred E. C. Selwtn, 
DepMy head and Director. This gives the law of the new organization 
of the survey as a department of the civil service, and a brief sammar; 
of the operations of the fourteen parties which carried on the fleldwork 
during the season of 1890. 

We note In Mr. Tyrrell's report on northwestern Manitoba the dis- 
covery of a phosphatic shale In the Niobrara formation containing 17.25 
per cent, of phosphoric acid, composed largely of fragments of fish re- 
mains. He also Identifies ihe Pierre shales and the Benlon formation. 
Niagara was found on the shore of Cedar lalce, but on lake Winnipeg the 
Trenton and Ctlca tormatloDS only exist. The St. Peter sandstone of 
Minnesota, and the Keewatin series of schists of the Lake of the Woods 
district were Identified. One of the Important results In Manitoba Is 
the discovery of considerable deposits of amber on the west shore of 
Cedar lake mixed loosely with sand and many fragments of partly de- 
cayed wood, on a low beach. It constitutes from five to ten per cent. o( 
the volume of the whole deposit, and Is estimated to amount to at least 
1.457,280 pounds. From the Dakota sandstone at Morden a flow of salt- 
water was obtained at the depth of something less than 600 feet. The 
expenditures of the survey tor the year ending June 30, 1890, were 

9103,864.99. 

A new bagtt for Chemistry; a cixemical PhUoaophy. By Thomas 
Stebrt Hunt. Third Edition, with new preface, 12mo. Scientific 
Publishing Co., New York, 1891, 

For more than forty years Dr. Hunt has held a conspicuous position 
among the chemlco-geologists of America, and his late works, which are 
the culminating results of long researches, embody the conclusions of 
his life-work. These convictions, however, so far as they fall into the 
sphere of this volume, were many of them announced, though not 
with full elucidation and demonstration, over thirty years ago. Since 
then great advances have been made In dynamical and chomlcal knowl- 
edge, and this little volume is a re-embudlment, with additional philo- 
sophical discussions, of principles which were announced from time to 
time In the scientific Journals, since 1848. 

On Wie Itlotogh-iil and Oeologlcal SlfiniJIcance of closely glmilar Fossil 
Forma. By Db. C. A. White, U. S. Geological Survey. (Proc, A. A. A. 
S., Vol. XXXIX, pp. 339-343.) 

In the study of tosstl moUuscan faunas It Is frequently found that a 
few apparently Identical or closely similar forms occur In formations 
widely separated, both In time and space, while the accompanying faunas 
have no other species In commou. Of these forms tlie greater number 
ftre monomyarians, though there are also many lieteroniyarlaus and 
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aome land and fresh water bivalves and anlvalves. For example: 
Ostr«a dllnvliuia Linn, from the Turonlan of Europe, an Ostrea to which 
the same aane has been given from the Lower Cretaceous Comanche 
aeries of Texas, O. barrandel Coqaand and 0. dIUerl White from the 
Upper Cretaceous of New Jersey and California, respectively, are all so 
closet; related In form that their differences are not greater than the 
' Individual variations usually seen In the species of this genus. Tbe as- 
sociated forms are all distinct. Several other examples are cited among 
OstreldtB, Avlculldte, Uulonldte and other families, In some of which the 
forms are separated by much greater time Intervals. 

The method of treating such forms will depend largely on the charac- 
ter of the work that the paleontologist has In hand and on the relative 
Importance that he gives to the geological and the biological sides of his 
subject. If the Investigation Is purely biological without reference to 
geographical or geological distribution, these closely related forms are 
naturally regarded as belonging to the same species and are called by 
a single name. If, on the other hand, fossils are studied as an aid In 
describing and characterizing geological formations, and a given for- 
mation yields a fauna made up ol species peculiar to itself with 
the exception of a tew such forms as those under discussion. It Is held 
to be admissible to treat the entire fauna as distinct and to give a new 
name to each species. 

It Is believed that this method of treatment will give belter and more 
direct results In the classIBcatlon of the formations of this continent, 
and In their ultimate correlation with those of other continents, than 
would one in which biological Ideas predominate. The synonyms that 
may be thus Introduced are regarded as of little consequence compared 
with the resulting advantages. 

Glacial Lake* in Canada. By Wakreit Uphau. Bulletin of the 
Geological Society of America, vol. 11, pp. 343-376 ; March 5, 1891. A 
glacial lake, according to the use of the t«rm In this paper, Is a body of 
water bounded In part by a barrier of laud-Ice, as the Merjelen see of 
tbe present day and lake Agasslz In the closing stage of the Olacla) 
period. Tbe evidences of the former existence of glacial lakes, pent up In 
valleys and basins which had descending slopes toward the Ice-sheets 
during their final recession, are comprised In five classes : (1) channels 
eroded by streams outflowing from the glacial lakes across the present 
great lines of watershed; (3) low cliffs eroded along the lake shores, 
commonly consisting of till ; (3) beaches of gravel and sand, often reach- 
ing continuously In a wave-formed ridge along a distance of many miles; 
(4) deltas of gravel and sand, brought Into tbe edge of the lake by 
tributary streams ; and (.5) finer lacustrine sediments, brought mainly by 
the same tributaries and spread over the lake-bed beyond the deltas, but 
In part supplied by wave-erosion of the lake shores. 

The principal glacial lakes of Canada are noticed, In geographic order 
from west to east. In British Columbia the "White Slits," described 
by Dr. George M. Dawson as occurring up to altitudes of 3,3CK) to 3,700 
feet, and by him referred to marine deposition, are regarded by Mr. 
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Uphftm Ks sediments laid down In glftcial lakes or on land areas across 
which the floods discharged trom the melting Ice-sheet flowed away on 
their course to the sea. Glacial lakes In the basins of the Peace and 
Athabasca rWers, and of the Saskatchewan and Sourls rivers, are shown 
to have twen tributary to lake Agasslz, which covered the valley of the 
B«d river of the North and the low area of Manitoba, being still repre- 
sented there by the large lakes Winnipeg, Manitoba, and Wlnnlpegosls, 
besides others of smaller size. The area of lake Agasslz Is stated to 
hftvebeen about 110,000 square mlleg, or more than the combined areas 
of the five great lakes which outflow by the St. Lawrence, Its highest 
shore, marked by beach ridges and rarely by low eroded cliffs, Mr. 
Upham has traced with levelling along an extent of about 600 miles 
across the southern prairie portion of Its area ; and Mr. J. B. T;rreil 
has extended this examination about 100 miles farther north along the 
escarpments ol Biding and Duck monntalns. The great Laurentian 
lakes were also held at much higher levels than now by the barrier of the 
waning Ice-aheet, and the Canadian shores of these enlarged lakes are 
very distinct In many localities north of lake Superior, abont lake 
Enron, and In the vicinity of Toronto. 

From surveys by Gilbert, Spencer, and others, the elevations of the 
highest glacial shore lines about the Laurentian lakes, especially lake 
Ontario, have been ascertained continuously through long distances. It 
Is thus found that since the departure of the Ice-sheet portions of this 
lake area have undergone a differential uplifting, of Increasing amount 
fram south to north and northeast. The maxlum rate of northward 
ascent of the old beaches Is adjacent to the eastern end of lake Ontario, 
being abouts feet per mile through adlstance of more than fifty miles. 
On the area of lake Agasslz, however, where northward uplifting had 
been previously discovered by Mr. Upham, the ascent, which Is con- 
tinuous along a distance of at least 400 miles from south to north, varies 
from a minimum of about six Inches to a maximum of only about one and 
a halt feet per mile. The levels al the Laarentian lakes In the Cliam- 
plaln epoch, or time of recession of the latest ice-sheet, and the contem- 
poraneous sea level which reached along the St. Lawrence valley to 
Ogdensburgh and Brockvllle, near the mouth of lake Ontario, with the 
changes produced by the uplifting of the land shown to have been then 
in progress by successive beach linos, lead Mr. Upham to the conclusion 
that the altkude of the glacial outlet from lake Michigan to the Des 
Plalnes river at Chicago has remained nearly the same from the Cham- 
plain epoch to the present time, while the northern and northeastern 
part of the area of the Laurentian lakes has been elevated 300 to 500 
feet during aod since that epoch. 

The latest North American Ice-sheet, by which these glacial lakes 
were formed at the time of Its recession, la shown by Mr. Upham to 
have probably been during its culmination of greatest extent and depth 
a continuous mer de glace from the Atlantic to the Pucllic, overtopping 
the Rocky mountains In the Pcare rtver region, and outflowing from the 
interior portion of Its area both southward and northward. The thick- 
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□ess of ItB central b«1l from Labrador and the south part of Eudson 
bay westward to the Paclflc varied apparently (rom one to two mllea, 
and the area which It covered was approximately 4,000,000 square miles. 

atraUfiTaphy of the Carboniferov^ in central loma. By Chasleb E. 
Ebteb. Bulletin, G. S. A., vol. II, pp. 277-293, with two plates; March 
5, 1891. A section extending GS mllea, from Harvey in Marlon county 
west-northwest along the Des Moines river to the city of Des Moluea 
and thence westward along the Raccoon river to Da Soto, Is here de- 
lineated ; and descriptions of the strata are given for the ten localities 
Included within this distance. There Is Id general a very gentle dip 
toward the southwest. Mr. Keyes finds from careful measurement of 
the various members ot the Lower Coal Measares, that they originally 
were more than TOO feet thick ; but they have suffered much erosion, 
and probably nowhere In this district present nowsomuchas half ot this 
thickness. They are chiefly shales, with Infrequent and thin layers of 
sandstone. One exceptional bed, however, called the Bedrock sand' 
stone, has a length of at least twenty miles and a width of six or seven 
miles, and attains a maximum thickness of more than ISO feet. Only a 
few very thin bands of limestone, mostly nodular and shaly, are found; 
but, though seldom exceeding ten or twelve Inches In thickness, they 
constitute the most persistent horizons of the series, being recognizable 
over wide areas. 

The coat seams vary from a few Inches to seven or eight feet In thick- 
ness, the average ot those at present worked being between tour and 
Ave teet. They occur as lenticular masses, from a tew hundred yarda 
to several mites In diameter ; and along the tine of this section more 
then twenty coal-bearing horizons have been found, some of them having 
several of these lens-shaped layers ot greater or less extent. The fauna. 
ot the section embraces about SO genera and more than ISO species. 
Minute molluscan shells occur in vast numbers. 

Evidence ot Important oscillations of level during the deposition of 
the Lower Carboniferous formations and the Coal Measures is shown by 
u n COD form atles, some of which were reported by White more than 
twenty years ago. The most remarkable Instance le the erosion of the 
Redrock sandstone In deep gorges and ravines, which afterward became 
filled with a coal deposit and shales. 

AnlntrnduictUmto the itudy of petroUigy: The IgneouH roekg. By Fhed- 
SBiCK H. Hatch, Ph. D., F. O. S., 43 Illustrations, ]2mo., 128 pp., New 
York, Macmlllan & Co., 1891. 

This Is a handy compend of the characters of Igneous rocks, as wel) 
as ot the minerals of which they are composed. Its use presupposes a 
knowledge ot all the customary methods of determination whether they 
be chemical or microscopic. It has chapters on their structure, cliom- 
ical composition and alteration, as well as on their clsiislliciitlon and dis- 
tribution In the British Isles. The work does not afford extensive refer- 
ences to literature, but It Is evidently based on a wide acquaintance 
with the best authorities. It Is adapted to beginners. 
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The Chazy f<rrmatUvn in the Cbamplain tioUejr. By Ezba Bbahtebd. 
Bulletin, O. S. A., vol. II, pp. S93-300, with one plate ; Horch IT, 1861. 
This pftper gives details of seven sections of the Chazy fonualloD, as It 
is found (1) on Vatcour Island ; (3) In the township of Chasy, N. Y.; 
(%) on Isle La Motte ; (4) In Hlgl^ate, Vt., and St. Annand, Que.; (9) 
In Cornwall, Vt.; (6) at Crown Point, N. Y.; and (7) In Orwell, Vt. 
The formation attains Its maximum observed thickness on Valcour 
Island, situated about six miles !K>utb of Plattsburgb, N. Y., which 
seema to have been hitherto unexplored by any geologist. According to 
oiact measurements the Valcour section displays an aggregate thick- 
ness of 890 feet of Chazy strata which are classed under three divisions, 
named the Lower, Middle and Upper Chazy. The thickness of the lower 
part Is 338 feet ; of the middle, 350 feet ; and of the upper, 302 feet. 

The Meaozoic and Tertiary IrigecU of Sew SauihWaUa. R. Etheridob, 
Jr., and A. Sidnev Oliff. This paper is No. 7, Palteontologlcal 
Series, of the Memoirs of the Geological Survey of New South Wales. 
In It we have described and figured Sve species of fossil Insects collected 
from three localities and probably two geological horizons In Australia. 
So far the palceozolc strata ot Australia have furnished no remains of 
Insects. For some time a LIbellulold wing from beds of the Cretaceous 
period was the oldest known representative of Australian Insect life. 
This wing, together with a few Tertiary fragments, chiefly elytra of 
beetles, represented all that was known of the fossil Insect faunas of 
Australia prior to the publication of the present memoir. In this me- 
moir we have a clcada-lIke species, Cicada ? lowel described from strata, 
probably of Trlasslc age, occurring near the Talbragar river between 
Mudgee and Gulong. Of the remaining tour specie^ here described, a 
beetle referred to the family BwpresMdtE, Meeottlgmoderma ti/pica, 
comes also from the lower Mesozolc, but from the Ipswich Coal Meas- 
ures at Denmark Hill, Jpswich. Queensland. The other three species 
occur in a species of bog-iron ore that partly occupies an old sllt«d up 
channel cut In Tertiary lavas, and are associated with a flora of Ter- 
tiary age. The channels bearing the Insect -bearing Iron ore are 
worked for ores of tin which they contain. The locality Is known as 
TIte Vegetable Creek Tln'tnlntng FUld. Two plates give excellent figures 
of the species described. 

Record* of the OeoUtglcal Suroey of New Sowtfi Wales, Vol. II, Part II. 
1890. We have In this publication a number ot short papers, embrac- 
ing results of observations made in connection with the Geological Sur- 
vey of New South Wales. The titles Include The raised Beaclies of Oie 
Hunter River Delta ; The SheU-lveaps accumulated hy Alioriglnes of ti>e 
SouOiern Coastal Dlstrlet ; Some beautlftiUy formed Stoiie Spear-lteadt 
from Kimbcrly ; Notea on Oie QnnJiedah Conl-field : On the occurrence of 
FM Remains In flie Bucks of the Drummond Raiiye, Central Queetie- 
land ; DetcrlpiUrn of Sione Weapojie and Implemente used by Aboriglnet 
of N. S. Wales; and Description of Two UndescrWed Univalves from 
the Lower Carboniferoue Rocks of K. S. Wales. Among the plates Is one 
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devoted totMantltnl lllastrfttiooB of the Klmberl? spear-heads, repro- 
duced br bellotrpe process from drawings made by Mr. G. H. Barrow. 
A b^blXo^a^y of paheoxoic Cruttacea from 1S98 to 1889, including a 
Il«t of North Amerioan apedet and a systenuUlc arrangement of genera. 
Bjf AtTTHONr W. VoGDBB. (Bulletin No. 63, U. S. Survey, 1890, Sto. 

pp. 177.) 

Captftln Vogdes' long acqua!ntanc« with the literature of the trilo- 
bites and other Crustacea has served to produce a very valuable aid to 
atudents of paleozoic Crustacea, this bulletlo aervlog them as a work* 
Ing band-book and guide to the original literature. The trllobltes are 
arranged Into 81 genera. The author enumerates 6BS species, and gives 
ft systematic classification of the elgbty-one genera, which be arranges 
In alphabetic order giving references to all the specific descriptions. 

The LOWER TAOONIO Is represented by the following genera : 
Olanellus, AsraulOfl ttrenuuB, Alops, BUlpBOoenbaluB, Bathyno- 
tus, Protypus, LioBtraous, Ptychoparla adamat, P. fltchi, P. mUera, 
P. ntb-coronata, P. teucer, P. vulcanus, etc., Asnoatua, n«Mtl«, A. 
interetriclMt, A. desiderafiM, Mlcrodlscus, Avalonla, Oryctocephalus 
ZaeanOwUte* tptnotue, Z. typicalla, SolenopleuTa bomblfrvru, S. nann, 
S. hanegt, S.iwwUyl, Anoniooare(?) parviun ; in Newfoundland, 
Canada, Vermont, New York, Nevada and Utah. 

The ZA fauna, or Paradoxideg zone, appears in Newfoundland, Massa- 
chusetts and New Brunswick ; It contains the following genera; Fara- 
doxldes, AgravXoi affints, A. »oclalis, Lloatraoiu tener, L. ouan- 
0ondtantu, Ptychoparfa, UnnarsgonI, etc. Bolonos^BUTA bnmbifront, S. 
comnutnia, r9. robbtl, S. acadica, Agjioettu aoatticug, A. regutus, A. par- 
ttiiM, A. vtr, A. te»gella, A. uinJw, A. obtusllobu*,^. acutilobiu, etc. Oon- 
oooryplie baUeyl, C. elegan», C. walcottl, Ctenocephalus [Hartella) 
mntOiewi. 

The TTPFBR TAOONIO, comprising the 3rd or Olenus zone Is only rep- 
resented In America by Olenag uhifierisl*, the 4th fauna or Parabollna 
and Peltura zones Is not known In America. The Upper Taconlc In- 
cludes the Olemu, Parabollna and DUielocephalut zones. 

The fifth fauna, or Diltelocephaliis zone is well represented In the Que- 
bec group of Canada, al«io In Wisconsin, Nevada, L'tah, Texas, etc.; It 
contains the following genera : Anomocare, Bathuyrus, Ohaiiooepha- 
luB, Dikelooephalus, lUsanuruB, PtyctuiiMirla, etc. 

The following list gives a synopsis of the genera appearing in the 
Taconic, followed by a number of species In each genus. Aglaspls 
3, Affnoatua36, Asraulos 13, Amphion (?) l, AnomoooreO, Ano- 
polenus 1, Avaloiiia I,AreUiuslna 1, Agaphlscut 2, (and Bathyuriscus 
3) 5, {Atopa 1, Dorypugc i. and Olenoidet 5, 10,) Batbynotua 1, 
Bathyurua 18 <?), OonooOTytthBS.fCreplceplutlua 5 P) Charlocepbalus 
3, Dikclocepbalus 33, Dolt cho mete pus 3, BlllpBooephaluB 1, Illienurus 
3, Lloj'dia I, Menocephalus 4, (Jlfcitotuiclji and O leu e Una 7,) (Mloro- 
dlBoua 13 and Pemphlgagpit 1, 13,) Ogygla 5, Oryotooephalus 1, 
Paradoxldaa 12, Protypua 2, Pterocephalus 3, Pty<'liaspis lo, Ptycho- 
parla 5S, IjlostraouB 4. Shumardla 3, Solenopleura9, Triarthrella 1, 
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ZaoantholdM 4, Olanua l, Strmuelta 2 iDcladiug ^gnoatu* ttreamu 
ftnd A.7ioinocare t •parvu.m). 

The OAMBRIO or Lower Silurian Is represented by the follow- 
ing genera; AcldofipU 9, AgQOStug 3, Agrauloa 1, Ampblon 8, Amprx 6i 
A^aphus 37, Bwrandla 1, Bathyurellua B, BathyuruB 17 (?) Bronteus 

1, Oalymena 7, Oeraurus IB, CbBsmopg 1, Dalmftnltes 7, Dlooide 1, 
EncrlDurus 5, Endymloaia 1, Harpea 6, Holometopua 1, Homalonotus 
1 Horpldu 3, nisSDUB 25, Lichas 6, Megalaapls 3, Nllena 3, Ogygla 3, 
Panderia 1, Proetaa 3, KemoplanrldeB S. Hao 1, Sphcereiochus 1, 
Spbaerocorypbe 2, Symphyaurua 1, Telepbua 1, Triarthrua S, Trlim- 
oleueS. 

SDJUKIO or Upper Silurian, Acldaspis 5, Bront«ua S, Calyinene 8, 
Dalmanttea IT, Cypbaspis 3, Encrinams S, Homalonotua 3, Illieans 14, 
Llchaa 13, Fbaoops B, Proetua 7, Spheeroxocbus 3, Ceraurns 3. 

DBVONIO, Acidaspla 3, Bronteus 3, Cyptaaa'pis 8, OryphseuB 4, 
Dalmanltes 17, Homalonotua 4, Llchaa 7, Phacops 6, Proetua 3S, Phae- 
tbonldes 4. 

OARBONIO, PhUliDBla 14, Phtetbonldes 4, Grlfflthldee 6, 
Proetua 9, BathTtnetopuB 1, Dalmanltes (?) 1. 

FBRMIAN', Phinipsia i. 

Tbe cOD-trllobltlc genera and speclea are catalogued In the third pari 
of the work. The author glvea a aystematic daasificatlon of the genera 
and cataloguea ST5 species under 65 genera as followa : 

TAOONIO, Protooarls 1, Leperdltia 3, Arlatozoe 3, Notbozoe 1, 
Beyrichona 3, Hlpponicharlon 1, Lopldllia 1, Lepidltta 3. 

O.AUBRIO or Lower Silurian, ^chmina 1, Aparchites 2, Beyrlchla 
18, Bythocyprls 3, (CyUiere i t) (.Cytherina 3 1) (Cylheroptla I f) Echl- 
nognathua 1, Entomls 1, Eurychlllna 3, Isoohlllna T, Leperditia 31, 
Lepidocoleua 1, Prlmltla 4, Strepula 't, Bollla 1. 

SHitnUO or Upper Silurian, ^cbmlna 1, Balrdia 1, Beyrlchia 16, 
Bollla 3, Bythocyprls 1, OeratlOoariB 6, Dollcbopterus 1, Bttrypte- 
rus 11, Klixdinia 2, Leperdltia 15, PterysotuB 10, Macrocypria I, 
Polycope 1, Bunodella 1, Prlmltla 2. 

DBVONIO ; Amphlpeltis 1, Beyrichia 8, Bollia 4, Bythocyprls 1, Cera- 
tlocaria 3, DIpterocarls 3, DItbyrocarIa 1, Bohinooaris T, Blymoo&rls 

2, Entomls 3, Etttterkt 1, Eurypieriig 1, Isoehtlijui 2, Kloedlnia 1, Leper- 
ditto 4, LlBgocarlB 1, Sloorea 1, Meaothyra 3, Octonarla 1, Palsopate- 
mon 1, Palteocreusia I, Plumulites 3, Protolemulua 1, Prlmltla 4, Primi- 
topals 1, Protobalanus 1, Rhinocarls 3, Schlzodi»ciiB 1, Spatblocaris 1, 
Strobelepsis 1, Stylonurua 3, Strepula 3, Tropidocaris 4. Turrllepas B, 
Ulrlcbla I, Eurypterella 1. 

OABBONIO, AoanthotelsoD 3, AnthrapalKmon 3, Archeeocarls 
1, Ceratlocarls 2, CryptnioC 1, Cyclus 1, Cytliere ? 8, Cytberelllna 1, 
DIpeltIs J, Diplostylus 1, DItbyrocarIa I, Bstbeiia I, Eurypterus 5, 
Isochlllna I, Leaia 2, Leperdltia 3, Palteocaria 1, Preatwlohla 1, Ra- 
chura 1, Strigocarla 3, Bellnurus 1, Beyrichia 3 Carbonla 3. (See note.) 

In the aupplemeiit the genera Olenoidus, Dorypy^ro and Angelin's 
Corynexochus in part are placed as synonyms of Atopa ol Emmons, the 
authority for tbla being Ford's flgure of Atops trilineatus from Troy, 
N. Y. 
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The author has followed the various authorilles In naming the strati- 
graphic sroups to vhlch the species are assigned. Hence appear some 
Incongruities, since palfeontologlsts have not been Bgreed as to what 
names should be used lor the horizons to which their fossils belonged. 
Under the guide of palseontoloRic distinctions these anomalies can 
nearly all be ellinlDated now, and various zones can be defined having 
common characters, embracing several of the old names In one zone. 
The questions of nomenclature for these zones are complicated and vex- 
atious; but It seems to become more and more appropriate that the rule 
of priority should be as binding in geologic stratigraphy as In zoOlogy. 
With that as a guide many bynonyms which now are In conflict and an- 
noy tbe aystematlst, will drop out of the science. 

NoTB. Bficent InvestlKatlon in Palieozolc Crustacea have added to the number 
of aenenias [allows: 

CnmbHc— EntoinIs 1, Pontocypris (?) 1, Ctenaholbina{-a. a.) a. Tetradalla (nj[.) e, 
Bollla 2, Vrepanella (ii. ([.) E, JojieKlla (n. g.) i, Placentula 2, Beyriohia 1, Euiy- 
cliilina T, Primltia 11, Aparcliltw l. Leperdltla *, Leochilina 6. Total G7. 

minrlc.— Entomis l, Clenobolbiua 1, Aeclimina 1, Octouaria l, Bnlioeypria 1. 

Devon ic—Crtberel la l, Clenobolblna i, Bollia 2, Bevrlclila 3, Aparchltes 1. 
Leperdltla l, Aechmlna l.HallieUafp.a.) I. Moorea l. Klrkbya 3, Octonarla fi, 
Bytl-ocypriBJ, Bairdia l. PacliUdomella In.g.) I. Ban/cAillna in.a.)3. Total 30. 

Carbonic— Plii I llpsla 1, Poiicooyprls 1. Bollia l, Beyciohia 2.Primitia 6, Leperdl- 
tla 1. Moorea 1, Kirtbya B, Bairdla l, Ulricliia 2, Cypridloa l, Cytlierella 2. Total 
23. Tiilobites. 81 geaera, 883 apecles. Palnozoio Crustacea, 72 genera, 389 species. 

Trtanvx from Malta. In the Quart. Jour. Geol. Hoc. Feb. 1891, Mr. 
Lydekker describes a new species of Trlanyx (T. melUenals) from the 
Miocene of Malta. Tbe species Is represented by a portion of the carap- 
ace, which, as restored. Is about twelve and one half inches long and 
about twenty Inches across. The species closely resembles Chttra 
indiea and the author Is only prevented from placing It under this genus 
by the fact there Is no known instance In ChUra of a divided first neural. 

Palceogyopg and Allied Genera, by Chableh Earlk. (Froc. Acad. 
Natl. Scl. 1891, pp. 10B-I17.) This paper representsa considerable more 
comparison of the different species than has ever before been attempted; 
from this standpoint the paper Is particularly valuable. If from no 
other. The author takes the trouble (?) to say that he has been able to 
compare the different specimens In the museums at Washington, Phila- 
delphia, Princeton, and New Haven, In which he Is most fortunate, as 
PalfBO&yop* has been In a most mlsed-up state ever since It was first de- 
scribed. The Princeton specimen of P. paitidosus Leidy is made the 
basis of operations and, aa the reviewer of this paper has said on former 
occasions, the work from the Princeton museum has been most satisfac- 
torily done. Mr. Earle thinks Leidy's P. major Is synonymous with 
P. paludoms Letdy; the specimens representing the former equalling In 
every particular the original specimens of the latter and hence be sup- 
presses the species P. major. He bos found two different Individuals 
indicated as P. paludosus Leldy; to tbe smaller he applies the name P. 
minor, which no doubt equals some of Leidy's later P. paludorut but not 
the origijial. Cope's P. Iceeidetti Is dropped, as not appropriate. The 
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author also states Marsh's claim that the t«eth of P. laticeps Msb. hav» 
the same structure as Leidy's P. ■palvdosua is Incorrect; the i 
the one approaches TelmatoOyirriuTn Msh., the other P. palutUmu 1 
hcitToeephalua B. &. O. becomes a synonym of Telnuitotherium Msb w 
Is retained. Each species Is then taken up and described In a compre- 
hensive manner, Pateosi/opg minor, sp, nov. In which " second superior 
premolar with two external lobeaj external lobes of lost superior pre- 
molar equal. Intermediate conules of true molars reduced, a stroog^ 
external clngulum present." Linmohyopa Tish embraces Pakpi^si/ops as 
employed by Marsh, Limnohyug as employed by Leidy and others. 
Xtmnohvops laticepi Msh., syn. with P. laticepe and Limiiohygva k(l>cep«' 
of Leidy. PaUeotyopa meQarhiniLS Earle (Am- Nat. Jan. 1891, 4S): "No 
diastema In superior dental series, canlues very small and wide-spread- 
ing, superior true molars without external cingulum; distal extremity 
of nasal enpanded." 

Ageaf the Peace CreOt BeiU, Florida. Mr. W. H. Dall (Proc. Acad. 
Natl. Scl., Feb, 17th, ISSl), calls these beds, from^wblch a considerable 
number of mammalian fossils have recently been extracted, "Older 
Pliocene." 

Batanite from the WyanOoOe Cave. E. Goldsmith gives an analysis 
of basanlt« from Wyandotte cave, Crawford, Co., Ind.; SiO,, 93.66; 
Al,0,-i-Fe,O„ 3.10; H,0, 1.34; C. 0.28; CI, Trace; Sp gr., 3.605. 
Proc. Acad. NatL Set., Phila., 1891, p. 99. 

Dictionary offo«siU.—By J. P. Lbbi-by. (Geological Survey of Penn- 
sylvaala, P4, vol. !l, N-E, 1888, and P4, vol. ill, S-Z, 1600. 

These two volumes are a great Improvement over the Brat volume 
which contained no less than thirty pages of errata. Vol. II contains 
ten and vol. Ill, thirteen pages of errata. The labor involved in the 
production of this work cannot be overestimated, and while the diction- 
ary Is intended tor the use of citizens of the state o( Pennsylvania, It 
will undout)tedly prove more useful to the palfeontologlst, being, as It 
Is, an alphabetical synopsis of the entire Palieozolc system In Pennsyl- 
vania and adjacent states. The work throughout Is abundantly sup- 
plied with illustrations and It Is to be regretted that they are not of 
better quality, but, however. It is understood that the appropriation by 
the state would not admit of better ones. 

Contributiona to Jnuertefrrote Pateontolooy. R. P. Whitfield. (An- 
nals N. Y., Acad. Scl. 5, Dec. 1990, pp. 505-633.) 

Under this title Mr, Whttfleld gives a very Interesting description of 
a large number of species from the various horizons of the Palieozolc. 
Under "Fossils of the Erie Shales" Is described a new species of Ento- 
mostraca Arittozoe canadenns, whose carapace is one and one-half 
inches long and one Inch high. This, however, Is not from Ohio, hav- 
ing come. It Is said, from the Trenton of Canada. Twelve well-executed 
plates Illustrate the paper. 
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COEEESPONDENCE. 



Lake Supebiob Stratiobapby. Id your May number Dr. Lawson 
has a criticism* of a recent paper ot minet In the American Journal of 
Science upon Lake Superor Stratigraphy, in reference to which I ask 
space for a lew remarks. 

Id the flrat place, while Lawson mentions our past and present general 
agreement, he so emphasizes the points of difference that one would not 
become aware from the review how close this agreement really Is. The 
district considered b; Lawson Is only one of several In the Lake Superior 
region which were discussed by me. If the crltlclsma were wholly true 
of that one district they would not disprove the correlations for the 
others. I am Id harmony with, and understood before the appearance 
of the criticism, the four propositions^ made as to the relations of the 
Anlmlkie, Eeewatin, Contchlchlng, and the gneiss and granite which 
Lawson recognizes as Laurentlan, except that T have no knowledge 
whether or not the pre-Anlmlkle erosion Is " the greatest in American 
Qeology." From the criticism, although I do not suppose this was In- 
tended, one would certainly Infer that there Is a fundamental difference 
In the successions proposed by Lawson and myself. I submit a parallel 
arrangemeut of our strati graphical columns for western Ontario, omit- 
tlDg major taxonomy. 



Mlpigon. Keweenawan ot Nlplgon group. 

Uncontonoity. Unconformity. 

Anlmlkie and Upper Anlmlkie Group. 

Kaministiqula. (Possibly Hutonian). 

Unconlonnlcy. Unconformity— Qrealest erosion inUi- 

val In American Q«oloey- 
Keewatin Group. 
( Posaibly Hnronian.) 
UncDDlormlty? Unconformity? 

Contchiohlns. ContcliichinK Qroup. 

EruptiTe Unoontotmlty. IntiptiTe Unconformity. 

Laurentiao. I^ureDtlan System. 

The rock succession Is seen to be nearly Identical, with Identical 
relations. Lawson says that my table presents an "undesirable Incon- 
gruity " Id that the Laurentlan rocks are made more ancient than the 
Eeewatin, when they cut them. That I recognized that the granite- 
gneiss of Bain; lake and the Lake of the Woods cnts the Eeewatin Is 

■Lake Saperior Stratigraphy, Andrew C. lawson; Am. tieoL. vol. 7, pp. 820^17. 

tAn Attempt b) Hannonize eome %pp&Feiitlr conflJotinK views ot LAke Superior 
StratJKTapby, C. K. VanHlsei Am. Juur. Sci., vol. u, pp. 117-137. 

llbid. p. 822. 

>lbld, p. 1S7. 

■Ibid pp. 3WJ2T. In this sncceaaion In the original table Irmptlve Unconformity 
and laaientlau system are transfeiied under Coutchicbins In order M give a 
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clear); Indicated in the text of mj paper.* Aside trom the matter of 
the algnlficatlou of LaarentlaD, the one difference of importance In the 
successions Is that I pls«e as a part of the Anlmlkie the Upper Kamln- 
Istlqula and equivalent rocks. These Lawson would regard as a part of 
his KeewatlD. But be appears to have overlooked the fact that I dis- 
tinctly BDggest that between these series there may be an additional 
unconformity, t 

Lawson objects to mjr placing the Keewatln as post-Archean and the 
Coutchlchlug as Archean on the ground that both of these have been 
Intruded by subsequent grantte-gnelss which he has denominated Lan- 
rentlan. It Is wholly new to me that an Intrusive which cuts two prior 
series of rocks can give information as to the structural relations and 
relative ^es of those two series. Dr. Lawson would hardly think of 
binding with the Trlasslc of Connecticut and New Jersey the adjacent 
pre-Cambrlan crystalline rocks because they are both cut by numerous 
dykes of the same age. 

On the south shore of lake Superior It has been repeatedly maintained 
by Brooks, Pumpelly, Irving, Chamberlln, and others, that the clastic 
series rest upon a thoroughly crystalline granlte-gnelss-scbist complex 
with an Intervening great unconformity. In this part of the lake 
Superior region, from their point of view, subsequent to a portion of the 
elastics, there have also been granitic and gnelsslc Intrusions. North- 
westof lake Superior, Lawson's work has shown that similar Intnislves 
cover large areas and include much of what has there been designated 
as Laurentian. Agreeing with Foster, Whitney, Wadsworth, Herrick, 
and the published reports of Bominger, Lawson has generalized as did 
some of these writers, that because a part of the granite -gneiss is Intru- 
sive later than the sedlmentarles, It Is all of this origin. 

From recent work of others, the manuscript report of which I have 
seen. It appears probable that Lawson has overlooked that northwest of 
lake Superior, as on the south shore, and not far from Rainy lake, there 
Is also a granlte-gnelss-schlst complex which la more ancient than and 
served as a basement upon which the fragmentals were deposited. This 
oversight may be due either to the fact that this basement complex does 
not appear In the districts which Lawson has studied In detail, or pos- 
sibly cleavage may be so prominently developed In these districts as to 
have made It difBcult to discover these relations. Because a part of the 
granlte-gneiss northwest of lake Superior Is an Intrusive, Is no evidence 
ihat another part of It Is not more ancient than any of the sedlmentarles. 
Thus, notwithstanding Lawson's surprise, I think that there still Is 
found a largo part of the preexistent basement In the Lake Superior 
region upon which the clastic aeries were deposited, a position which I 
do not hold dogmatically, but as according best with present evidence. 
The problem from my point of view Is simply more complex than Lawson 
has believed. All of his facts are true, as well as the like facts of Fos- 
ter, Whitney, and others, and there Is the additional great fact of a 
granlte-gnelss-schlst complex more ancient than the recognized clastic 
•Ibid, p. 134. tlbld, p. 126. 
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■eries, as shown by Erooka, Pumpelly, Irving, and others. It Is only 
when LawsoD carries the facts of the districts which he has studied Id 
detail (about 2 square degrees) over the entire Lake Superior region (30 
or more square degrees), assuming that all of the coarse, banded, in- 
tricately contorted granite-gneiss Is of the same age and origin as the 
somewhat regular graDlt«-gneis3 with which he Is moat familiar, and is 
consequently later than the claatlc series, that I do not follow him. In 
short I accept the facts of both schools, but decline to apply the facts 
of one to the entiro region to the exclusion of those of the other. 

It seems to me that my mistake has been in using the word Coulchi- 
chlng to designate the schists of this most ancient schlst-gnelss-granite 
complex. To this conclusion I bad come before Dr. Lawson'a criticism 
was published, and bad determined in a forthcoming discussion of the 
pre-Cambrlan of America, of which my paper waa a condensed state- 
ment of a small part (and therefore gives the evidence imperfectly), to 
discard the terra Coiitchlching for this place. By thus avoiding the 
implication that the Coutchiching is a part of the basement complex this 
serlea will be left to fall In ita proper place as future investigation 
shows It to belong, and It it provea to belong to this fundamental com- 
plex, Coutchiching will of course apply to Its schists. In the mean- 
while there will result no such confusion as has come from the applica- 
tion of Coutchiching to the schistose pari of tbia fundamental complex. 

In this connection the queatlon arises as to the use of the term 
Laurentlan. Shall it be restricted to the basement granlte-gneiss, or 
shall It Include the whole granlte-gnelsa-achlst complex prior to the 
clastic series, or shall it also include the granlte-guelas of later age 
which Foster and Whitney call Intrusive, which Rominger calls 
Huionlan, and Lawson calls Laurentlan, and which he has supposed 
Is the only Laurentlan? From my point of view it certainly cannot 
be applied to the last class alone, and any one of these usages of It Is a 
radical deviation from the original application of the term. Logan's 
descriptions of his typical areas (Ottawa and Grenvllle), clearly show 
that tbla Laurentlan Is largely a bedded series of unquestionable detrltal 
origin, consisting In large part of limestones, quartz-schists, quartzltea, 
and even conglomerates. But the question as to the proper use of Lau- 
rentlan Is one which I avoided raising in my paper because I knew It 
was one upon which there would be difference of opinion. Lawson's 
article forces a statement of the queatlon even If space does not permit 
an attempt to anawer It. 

Lawson objects to my use of the term Archean. It may be suggested 
in return that It my use of this term Is open to criticism, Lawson's use 
of Atgonklan Is perhaps equally open to attack. This Is a term Intro- 
duced by the United States Geological Survey as a period term Standing 
equivalent to Agnotozoic, proposed by Irving, to Include pre-Paleozolc 
clastic series, not of the Laiie Superior region alone, but for the whole 
United States; yet Lawson places the whole Algonklan as Paleozoic, 
without any reference to Its original definition or to its use In previously 
published articles. 

27 



jyGoogIc 



The American Geologi$t. JnDe,i89i 



But ip&ce will not here permit a defense of my major tazonomr- As 
baa been Indicated, my paper was but a part oC a mcire extended dfscas- 
slon to appear in a fortfacomlQK bulletin of the U. 8. Survey, and I shall 
have to be content to let the case leat until this paper U published. The 
object of my article waa to emphaalie points of agreement as to actual 
rock BuccaulonB In the Lake Superior region; the object of this note la 
to ibow that Dr. Lawson and I are mainly In harmony In this respect. 
In the natter of major tftxonomy It is evident that there la a difference 
of opinion. It is a case of disagreement as to what will best advance 
the geology, not only of tbe Lake Superior region, but of America as a 
whole. C. B. VAHHm. 

Vodteon, Wit., May 9, 1831, 

Thk Appbopbiatiow fob thk Missoubi suBvar. I notice on p. 810 
of your Issue tor April, that you spoke of an appropriation of S40,000 
per year being made tor this survey. I have seen this statement In 
other publications and do not know exactly how it arose. The appro- 
priation which has been made for us la (40,000 for two years, and we 
have to defray tbe expenses of pabllcation out of this, so that this ia 
aiu^elber a moderate sum, I agree with you that a small and contin- 
uous appropriation Is a desideratum for the future, and I recognize that 
we cannot expect to secure large appropriations for many years in auc- 
cession. There Is, however, certain fuudameutal work yet to be done 
In this state, which I wish to push to completion as soon as possible; 
after this la done, the small continuous approprlationa will bo all tbU 
Is necessary. It seems to me, to maintain tbe survey as an efficient or- 
ganization. ABTHim WlNSUlW. 

Jefferaon City, April la, isn. 
Db. Cabpkktkb's rbplt to Hr. &. A. Milleb. 

The Ankbican Gboloout tor July, 1B90, contains two letters by Mr. 
S. A. Hitler of Cincinnati, in reference to a review of bis "North Ameri- 
can Qeology and Palteonlology" which had appeared in the Annate 
and Magaatne of Natural Hiatory for the previous April. Mr. Miller 
waa not pleased with thta review, which he called " a false, mallcloaa 
and lib^hHia article," and be wrote a letter about It to the editor of the 
AnTUiU. But Instead of sending It direct to them, he asked Messrs. 
Dulau of London, who had purchased some copies of bis book, to for- 
ward It to him. The terms of the letter, which was aubaequently pub- 
lished In your columns, were somewhat violent ; and as Measrs. DnUu 
desired to keep out of other people's quarrels they returned the letter 
to Mr. Miller, and advlaed him to send It direct to the editors of the 
AnnaU. This, however, he neglected to do, and yet he now stat«s that 
the letter was returned to him "with a refusal to publish It ;" while he 
further comments on the "disingenuous management " of the Annalt, 
and "its subserviency to those neareat home." These Statements, like 
many others which Mr. Miller has made, have no foundation In fact. 
For his letter never reached the editors of the AnfUilt at all ; and he 
cannot therefore have any grounds of complaint against them about it. 
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Hr. Miller h&a promlMd ott some rutura occasion to "malce known 
the inotlv6H that sctnkted the □nwan-ftcted attack, as I recognlie the 
author u well by his feet tracks, as I would If his signature had ap- 
peared with the mfddte name at full length as usual.' 

It Is well koown to those who are acquainted with Criaoid literature, 
that this passage refers to me. But Hr. Miller ft eutlreir mistaken ; 
for I neither wrote the review in qnestlon, nor did I know anytlilng 
about It till some time after Its publication. 

As, howoTer, Mr. Miller imagined me bo be the author of It, the in- 
temperate Tiolence of his personal attact upon me in the November and 
December numbers of the American Geologist may be readily under- 
stood. We have unfortunately differed upon a small point of nomen- 
clature, Mr. Hiller preferring the empirical, and I the rational termin- 
ology. The latter Is In general use in Europe and Australia ; and 
It has been gradually adopted In America by Messrs. Wachsmuth and 
Springer, A. G. Wetherby, H. 8. Williams, C. D. Walcott, A. H. 
Worthen, W. B. BIHIngs, E. N. S. Singaeberg, J. F. WbtteaTes and 
A. Agassii. I am not aware that any American paleontoloftists have 
used the old' and purely empirical nomenclature during the last eight 
years, with the exception of Mr. MlUer and bis collaborator, Mr. Qur- 
ley, who are, therefore. In a somewhat Isolated position ; and this may 
perhaps account tor the tone of Mr. Miller's remarks npon the subject 
Id pages 279-381 of your November number. Among these remarks 
there Is one statement which is so absolutely untrue that I must ask 
you to allow me to contradict it. According to Mr. Miller, I have said 
that the so-called subradlal plates of paleocrlnoids are " the genital 
plates," an assertion which he calls "purely gratuitous, and not war- 
ranted byany of the known facts relating to crtnoids." This criticism 
was not necessary, as the assertion in question was never made. But 
nice many other morphologists and paleontologists I have described the 
so-called snbradial plates of crlnoids as homologous with the so^alled 
genital plates of urchins ; and this may perkaps account for Mr. Miller's 
very Incorrect reference to the subject. It is useless, however, to look 
for a proper understanding of the morpholglcal questions which are 
here involved, or even of the meaning of the word " homologous," on 
the part of an author whose zoological knowledge Is so limited that he 
tetis his readers that the sponges " are not to be regarded as any more 
highly organized than the Ehizopoda." 

Mr. Miller's acqulntanee with recent publictions on the subject of the 
Crinoldea Is equally defective. On page 358 of your December number 
he quotes against me an opinion of Wachsmuth and Springer's to the 
ettect tbat the; do not understand how the &ve summit plates of Haplo- 
crinus can represent the orals of a palteocrinoid ; and he briefly adds, 
" Neither does any other one." 

It is a pity that Mr. Miller should have committed himself to such a 
very positive statement ; for it is not true. If he will consult the well 
known text books on paleeontology by Zittel, Hceraes, Stelnmann, and 
Nicholson, and also Neumayr's Important work "Die Stlmme dea 
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Tbierrelcbes," be will find tbat tbe flv« Butnmlt plaleB of Haplocrlnus are- 
Invariably regarded as orals. But this is not all. Allhouf h Messrs. 
Wacbsmutb and Springer could not accept tbis view In I8B6, tbey found 
reasons for changing their opinions two years later. In the Proceed- 
ings of the Academy of Natural Sciences of Philadelphia, for 186S, 
they pabllsbed a paper entitled " Discovery of tbe ventral structure of 
TtKcoerifMa and Haplocrtnua, and consequent modifications In tbe classi- 
fication of the Crlnoldea." Mr. Miller la evidently not acqnaint«d witb 
the contents of this Important paper. For on page 350 the authors say, 
" We must admit the weight of tbe evidence Is In favor of the supposl' 
tlon tbat tbe plates covering the ventral surface In Havloerinua and 
.AaltOffecrlnvi are orals," Mr. Miller, however, seems to have remained 
In total Ignorance of the fact tbat Wachsmuth and Springer had 
written anything fresh upon tbe subject of Haplocrtnus since 18S6; 
while certain passages In his definitions of tbe families IcbtbyocrlnldtSr 
Taxocrlnldie, and Platycrlnidffi, show bim to be equally unacquainted 
wItb tbe recent discoveries of bis fellow country men, though they 
were published nearly two years before he wrote, and have a most Im- 
portant bearing on the systematic arrangement of the Crlnoldea, as 
indeed Is Implied In tbe title of the paper In question. The result la 
that be has produced a classification of the group, of which It la 
scarcely too mucb to say that, like bis use of tbe term " subradlals," lb 
was out of date before It was published. 

P. Hebbebt Cabpxnteb. 
Eton College, Ifindsor, England, AprU 20, 1891. 

A CoRKEcnoif. By an error In my paper on LakeSupeHor Strattgra^yr 
tbe word "younger" appears Instead of "older" In tbe eighth lln& 
from the bottom on page 322 of the Ambricah Obolooist for May^ - 

1691. ANDREW C. Lawboit. 

Berkeley, May 8th. 
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Dr. Hans Beusch has recently pound, on the north aide or 
tbe Varanger fiord in northeastern Norway, glacial striie and a. 
formatJOD which was originally boulder-clay or till, belonging to a 
period mnch older than the Ice age of the Quaternary era. The 
series of sandstones and conglomerates presenting these proofs of 
former glaciation are regarded by Dahll as Permian, but Dr. 
Beusch thinks that they may be a part of the Cambro-Sdurian 
system which chiefly makes up the Scandinavian mountains. The 
paper contains excellent photographic illustrations of striated 
rock fragments from the conglomerates, and of the stride and 
grooves on the underlying sandstone. There were two courses of 
glacial movement, the principal one being towards the southeast. 



>y Google 



Personal and Scientijic NeiBS. 389 

crossed by aoother towarda the east The Quaternary glaciation 
of this district was from southweat to northeast If the ancient 
glacial ptericMl was Permian, it was probably contemporaneous, or 
nearly ao, with the Permian and Carboniferons glaciation of por^ 
tions of Great Britian and Central Europe, and of South Africa, 
India, and Australia, as reviewed in the Geologist, May 1889. 

The last Legislature op the State of Wabhinqtos, appro- 
priated fift}' thousand dollars for a geolt^ical survey of the state. 

At THE ueetisg IX Washington, on April 21, 1891, of the 
bommittee on organization of the International Qongress of Qeolo- 
gists, the following communication was received : 

February 28, 1891, 
Peof. H. S, Williams, 

Sbc'V of Cam. of Origan, InUm. Cong. Otoloffitti. 

Dear Sir: — The undersigned, feeling tbat with their radically different 
views (rom the majority of their colleagues of your committee, on the 
most Important questions concerning the coming session of the Tnter- 
nallonal Congress of Geologists, they cannot aid the said majority in any 
way In the work of preparation therefor, herpby offer their resignations 
from the committee of oi^anlzatlon. Very truly, 

T. Stbbby Hunt, 

P BBS IFOR Fbazeb, 

E. D. Cope. 

Since that date Prof. Joseph Leidj' and Prof. Angelo Heilprin, 
both formerly Philadelphia members of the committee on organiza- 
tion, have ceaacd to be such, the first through his lamented death 
and the second by resignation. 

Rate op Coral Growth. — Prof. Heilprin (Ptoc. Acad. NatL 
Sci. Phila., Jan. 2Tth, 1891) states that from observations re- 
cently made in the harbor of Vera Cruz, Mexico, the annual ac- 
cretion of Puritet aitxoidet is somewhat less than one twentieth 
of an inch. ObaervatJons on other species of corals have yielded 
similar results. 

Aqi:EOi:s origin of gold. — Some of the great gold quartz veins of 
Australia, are considered by ver}' high authorities to have been 
formed from a deposition of quartz and silica, by condensation from 
an aqueous solution of ao alkaline silicate of gold. The microscopic 
researches of both Sorby and Howitt, have shown that in the 
minute cavities of vein-silica, or in crystals of quartz, an aqueous 
fiuid has been found, which upon analysis has been shown to con- 
sist of water, holding sulphates and chlorides of potash, soda and 
lime in solution ; and these substances are all, earth aikaliesl 
Also, in this fluid found in the minute cavities of vein-quartz, 
even free sulphuric and muriatic acids have been found, thus 
giving rise to the former possible combination of an aqueous solu- 
tion of an alkaline silicate of gold, with aqueous solutions of the 
hj-posiilphites and cholorides of gold, and the free acids being 
formed as soon as the conversion of the gold in the metallic state 
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took piBce. Following up this line of ressoniDg, eveiy peciUiaril;f 
of ttifl geneaiB and structure of an aurif erons or gol<l-t)eariiig qaartx 
vein caa be explained, by presuming that the depoaitaon of the 
quartz came from water which held alkaline eilicates, salts and 
acids in solution, and precipitated them upon condensation of this 
aqneouB solution, which was then followed with ciystalizatdon (d 
the silica into quartz, and the eilicated gold into metallic gold. 
And, in addition to these reactiona, the associated minerals found 
in the veins of quartz with gold, may have evidently been derived 
from the very same sources. —Br. Willi* Everette. 

It la TO BE HOPED THAT THE FOLLOWINO EXTRACT from tfaS 

Cleveland Leader does not represent the average condition of 
geolt^ical knowledge in the great state of Ohio, or at least among 
its legialaton. It has long been known that the wise men came 
from the East, and Sidney Smith once said that he never realized 
this till be went west. It would seem that "gassing" should be 
the chief employment of the state geologist according to Mr. 
Brown. 

CoLTTUBUB, March IB. 
Eepreaentatlve Qrlffln, of Lucas, has received a letter from repre- 
sentative Brown, of Hancock, asking for legislative action of a ratber 
slartlins nature. Mr. Brown requests that Mr. Griffin introduce a reao- 
lutlon providing tor an InveHtlgallon of Hon, Hdward Orton, state geol- 
ogist, for stating In his last report that natural gas la falling In north- 
western Ohio. 

Dr. Ottokar Feistmantel op Praoub, died on the 10th of 
February in the 43d year of Ms agfi. 

Dr. Joseph Leidy, the eminent paleontolooist, of Philadel- 
phia, president of the Philadelphia Academy of National Sciences, 
died April 30, at bis residence in that city. 
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NOTICE. 

Teib "oBOLoaiciL bwindlsr" again abroad. Readers ot the 
Geolooiwt will recall suvyral roferpm-ns In the early numbers, Vol. I 
{[S9S), to an adopt thiot who had for several years practiced upon the 
geologists and other scientists of America with a good degree of buc- 
ccss. This fellow was apprehended and served six months' Imprison- 
nient In the Elkhorn Jail, In Wisconsin, but on release resumed his 
nefarious tricks. In January, ISSS, he stole some microscopic objectors 
from the University of Cincinnati, and under the Instigation ot Prof. 
Chas. H. Gilbert, the police of the city were put upon his trail. After 
a pursuit of some weeks, tracing him In Indiana, Kentucky, and Ten- 



nessee, he was apprehended at Nashville, and on trial was convicted and 
sentenced for live years for grand larceny, to the State penitentiary at 
Coiumbns, O. He pleaded guilty and admitted that he was the "swin- 
dling geologist" of numerous aliases. 

In confinement he mode a good record for himself and was put In 
charge of the ntght-school. He would have been released, on account 
of good behavior, at the expiration of three years and nine months, 
under the rules of theOhIo penitentiary, in Che fall of 1891, but under 
special protestations of reform he was given ft degree, of freedom at 
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Columbus, which allowed of hte rele&se Bnalljr '■ od parole " for the ra- 
mBinder of the term that he hod to serve. He remained for a time 
quietly at Columbus, aB reporter for the Columbua Sunday World. 
BaddeDly he appeared at Saginaw, Michigan, lu violation of hii parole, 
wbere he attached himself to the High aobool prloclpal and addressed 
the pupils of the High school, claiming to have been a professor In 
Vassar College, Pnughkeepsle, N. Y., and tlion connected with Smith 
College, but preferring his present occupation of deallog In fossils, as 
more remunerative. He sold the High scbool ten dollars worth of 
fossils. He said he was a Russian, descended from an eminent Russian 
geologist, and acquainted with the most distinguished geologists of our 
country— (his usual story, the latter part, alas, too true ! ). also that he 
Is the brother of the celebrated' nihilist martyr Vera Sussulich, that be 
had fought In the Franco-Prussian war, and had been made a captain, 
eto., etc Thence he went to Lansing, Mich., and the speeches he made 
there were reported In the I>etrott TrUiune under the title — " A man 
with a history." At Lansing, he claimed to be a mining engineer, and 
betook himself to the Agricultural College, whore he " named the fos- 
sils" In the collection of that Institution. 

On making inquiry aa to the Identity of this man with the "O. L. 
SyrskI," who had been a short time before released on parole, It was 
learned that, "In the language of the streets, SyrskI has jumped his 
parole, beaten his boardlng-houso, and employer, and skipped," with 
the incompleted sentence still hanging over his bead. 

He Is now again launched upon the community, to continue to be a 
acoorge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
. Russian, often as deaf and dumb, and always making memoranda on 
little squares of colored writing-paper which he carries in very small 
vest-pocket blocks, and taking occasion to steal valuable books. Instru- 
ments, and fossils from his hosts, ho now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course ho conducts dlshqnnstly. 

He Is thus described at Saginaw ; a man of medium hlght, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
keenness and rather watery, and a Srm Jaw, giving decision to his con- 
versation. His language is fluent, and free from any foreign accent or 
peculiarity. He has lost one or two front lower teieth, and looks to be 
35 or 40 years old. The attached balf-tono reproduction of his por- 
trait Is from a photograph taken by the Cincinnati police at the time of 
his last trial and Incarceration. The negative Is held by Vail Brothers, 
photographers, 3S4 Main street, Poughkeepsie, N. Y., and their price 
tor a single copy Is 25 cents. It Is g, very accurate portrait of him as 
he appeared three years ago, as many who have suffered from bis thefts 
can testify, except that he is a little more rough <n bis personal ap- 
pearance. In the portrait, than usual. 

Short notices of his career are given In Science, Jan. 14, 1887, June 
17, 'ST, and In the Ambrica.^ QsoLoaier, January, February, and April, 
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ISSg, and Febuarr, IS89. He bfts appeared under the rollowing aliases : 
"Oratacap," "Capt. C. E. DuUon, U- S. A.," " Prot. H. S. Wllllama," 
"EIUs," "BIHsob," "ReltiM. Vaslllei," " VasDe," "Vasllief," "Robl. 
Verrall" or "Varrall," "O. L. Sjrskl," "O. L. Sussullch," " Leo 
LesquereuK, Jr." (son of the late eminent paleobotanlst), "W. E. Tag- 
gerd," "Prof. Cameron," and "Prof. Lavellle." 

No one has ret been found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the Institution where he gained 
his excellent higher education. He himsoir declares that he is a gradu- 
ate of the University ol Kief In Russia, but no Inquiry seems to have 
been made Into the truth or falsity of the statement. He has shown a 
familiarity with the Sclavonic languages by conversing freely with Polos 
and Hungarians In the quarries at Rondont, N, Y., In their own Uingues. 

We have no vindictive feelings against the man at all, but we believe 
that we can do no better service to scientists In America than by putting 
them on their guard against strangers without good credentials, and 
arming Ihem against "O. L. SyrskI," by giving this information. 

According to latest Information, a one-inch Zeiss microscopic objec- 
tive, which was on his person when captured la Tennessee, Is still In 
the hands of the chief of police, Cincinnati, unclaimed. 

Id August, ISST, he procured from Rev. Arthur H. Flack, president 
of the Glaverack College, Claverack, N. Y., a loan of SIS on a spectro- 
scope which he left on his hands "until he should return the loan." 
Of course the " loan " was never returned, and the stolen spectroscope 
still awaits Its owner at Claverack College. 

May 15, 1891, Ambrican Gboumiist. 

Preliminary Notice, 

Wedsesday and Thorsday, Jane lOtli and Htli. 

The first portion of an extensive and Val- 
uable Collection of Minerals. 



Mr- L O. Stevens has been favored with instruc- 
tions from I. W> Rimmin^ton, Esq., to sell by auction 
at his Qreat Booms, 38 King Street, Covent d-arden, 
on Wednesday and Thursday, Jime 10th and 11th, 
at 12:30 precisely, each day, the first portion of his 
valuable and extensive collection of minerals, con- 
taining most of the known mineral substances and 
including many extremely choice specimens of the 
rare minerals. 

For further particulars see next advertisement. 
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MACMILLAN & CO.'S 
GEOLOGICAI. BOOKS. 

WOBKS OF ARCHIBALD GEIKIE, F, R, S, LL. D,, 

DmMCTOB^urjoui. or tbm Gkoi-ooical Subvbis or nta United Kihqdom. 
NBW AND CHEAPER EDITION 

CLASS-BOOK OF GEOLOGY. 

IllnMnted with upvriiTdB of 200 Wuod Cuts. ISmo.: •t.io. 
"In pmpuHiostbe Second Edition. I have thorniiKhly revised tlie Class-book, m 
as to keep it aumit of the on ward pruvremot Geulooy. The sale of alarKO Im- 
pnjwiiin BDi] tbe nniuuiua commmilcBtlnns recclveo (mm (eacliera aiid others, 
have leil ti' the heliet tbaC the bi-ok miulit be mude Hiill innre iisi>fii1 if prhitod in 
such a form as to admit of ita beinKHold at a Krentl; nvlnced prire. This chaoBe 
hw now been en(>cted; but the volume, tiimisli dimininlied in bulk, contwns 
rather mor« matter tlian the ilnit ndition. Care has been taken to make the 
Index loll and acL-ntate."— /"rom the Avthor'n Pr^ace. 

ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY. 

lllnntratloaH. ISmo.; $1.10. 



cal geagn,v'hy."—y<itn>nat jojirnal of MUucation, 

SECOND EDITION, REVISED AND K 

TEXT-BOOK OF GEOLOGY. 

WiUinnmerousIlluslrMioDS, Svo,: tT-OO. 



" We TSntnre to predict tliat Prof Geikie'x new volume will be quite as lilghlr 
appi'Bciated on tlienUipr e\6« of tlie Atlantic as on thtH, and on this Hide it will 
CertAinIr step at once into the foremoet rank among our Htaudard text-bookB."— 
London Athenicum. 

"A noble and masterly work ii is anre to replace our more familiar 

text-books by \tt. (uliieu, its (reel mess, lis coiidBiiFiatit^i, its udmirahle Illustra- 
tions, audits undoubted authority."— CArtsfian Advocate. 

" Undoubtedly tbe most thoroiycb and comprebeiuiive work ot lis kind, tor the 
use of students, in existence."— Sa«f on Transcript. 

OUTLINES OF FIELD GEOLOGY, 

With niunennia Illostratlons. lemo.: 91. 00, 



C3- £3 O X^ O <3- "S- I 

CHEMICAIi, PHYSICAL ANI> STBATIGRAPHICAI,. 

By JOSEPH PRESTWICH, M. A., F. B. 3., F. G. 8., 
Correspondent of the Institute ot France, PcoCessor of Geolosy in Unlvertity 

In 9 Toll., 8vo., with lUiutrBtlonH. 
Vol. L— Gkbmical and Phtsioal, bvo., $a.aa. 

Vol. II.— Stratiqhaphica!. and Phtbical, evo., W.Oo. 
This wotk is a seiieral treatise on Gi^olcuy ailaptpd Initli for elemiintaiT and ad- 
vanced students. Vol. I, treats of oueHtions in chemical and pliysiciil GeoloaT, 
and special attention Is paid to such sulijeetn, auioiis utliers, as liydro-K<*i>l<iKy. 
the geoloRical bearinn ol the recent dn'p-sea explorations, volcanic nrtioii, 
jolBU. mineral veins, the a^ ot mountain rangi's. and niotHinomhisni. Vol. II. 
treats of stratlsrapliy and palieoiilolngy, and t 
questions. Theanthoradvocates thenon-onlfor 

"Evpry Keoloffist will turn with interest to these patres and 
homBKO to the great lenminK and Judicious tliought which ate 
spicuous in thsm."— A'mure. 

MACniLLAN « CO., 112 FourtK Avanua, Naw Torb. 
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